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Norseman Tredloc. 
Because Things Are Tough 
All Over. 


(©1990 Pirelli Armstrong Tire Corporation. All rights reserved. Norseman“ and Tredloc are registered trademarks of Pirelli Armstrong Tire Corporation. 


The great outdoors isn't so great 
when youre in it up to your wheel wells. 
But since you're not about to change 
where you go, think about changing 
how you go. With Armstrong Norseman 
Tredloc Radials. 

Instead of the usual criss-crossed lay- 
ers of steel belts, Norsemans are 
wrapped with two continuous woven 
belts of DuPont Kevlar* It’s a process so 
unique, it's patented. Kevlar's light- 
weight, but pound-for-pound, it's five 
times stronger than steel—so you begin 
to geta pretty good idea about where 
the "strong" in Armstrong comes from. 

Those Kevlar belts also let the tread 
flex more easily—so it contours itself to 
whatever off-road surface you subject it 
to. And, with low-inflation performance 
that's equally awesome, it's no mystery 
why Off-Road Magazine" calls the 
Norseman Tredloc one of the best year- 
round, off-road tires on the market. 

Hard to believe a tire so good at rid- 
ing out tough times can feel so good on 
the road, but Norseman handling and 
steering response are nothing short of 

excellent. Its big- 
ger “footprint” 
comes from that 
woven belt con- 
struction to allow 
the entire tread 
to stay flat on the 
road. 
No matter 
"»^ what you're driv- 
ing, there’s an Armstrong Norseman 
tread pattern and size to fit most 4WD 
and 2WD light trucks, vans and RV's. 
So check it out now. Because when 
things are tough all over, your ride 
doesn't have to be. 
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Spotlight on 
stealth 


The U.S. Air Force has taken the 
wraps off its top secret stealth 
fighter. An up-close look reveals a 
severe angularity, but pilots report 
that despite its unusual appear- 
ance, the $106-million fighter han- 
dles like any other. 


Two-strokes 


The two-stroke-engine revival 
was born from advances in mi- 
crocomputers that made possible 
electronically controlled direct 
fuel-injection systems—making 
the two-stroke design ideal for 
economy cars of the '90s. 


High-fiber house 


A company called Acotec mixes 
wood chips (or rice husks, peanut 
shells, or waste paper) with con- 
crete to make tongue-and-groove 
panels that a do-it-yourselfer can 
use to form a house. And it costs 
less than conventional methods. 
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What's News 


Hollywood writer I know called 
recently to share a knotty problem 
he was having with a script. “It’s 

kind of like an On the Beach sce- 
nario,” he explained, referring to the 
1959 doomsday classic of a world 
decimated by atomic war. But in this 
writer’s story, ozone depletion in the 
stratosphere is the foil. “What I need 
to know,” the writer pleaded, “is the 
worst-case scenario. What's the down 
side of this ozone hole?" 

I had bad news for the writer. No 
melting skin, fried eyeballs, or giant 
man-eating chinchillas in the offing. 
Rather, an increase in the amount. of ul- 
traviolet radiation threatens agricul- 
tural, marine, and human life with sub- 
tle, long-term effects. Certainly, if 
unchecked, destruction of the upper at- 
mosphere's ozone layer will get ugly. 
Skin cancers will increase. But this sta- 
tistical burn is far too slow and dreary, 
I suspéct, for a made-for-TV movie. 

So don't hold your breath waiting 
for "The Ozone Hole That Devoured 
Melbourne." Still, I'm not a Holly- 
wood writer, so what do I know? Per- 
haps a Godzilla-esque spin is what we 
need to rally the cause of lifestyles 
that are less destructive to the envi- 
ronment. For now, until screenwriters 
find the emotional plot turns that will 
make the environment big box office, 
there aren't any shortcuts. We'll all 
have to invest in hard, inglorious work. 

A team of POPULAR SCIENCE editors 
put in their share to bring you this 
month’s cover story, an overview of 
scientific and engineering alternatives 
to the use of chlorofluorocarbons, the 
man-made chemicals that everyone 
agrees are the “heavy” in our ozone- 
hole drama. The good guys seem to be 
winning, but new technology can’t 
quite cut the cavalry-to-the-rescue 
role we might like. There is a “giant 
loophole” in the international treaty 
that would phase out the use of 
CFCs, reports Associate Editor Brian 
Nadel. So, while bright new chem- 
istry promises to generate friendly re- 
placements for a major pollutant, the 
will and commitment to change seems 
lacking. Hmm. Maybe my writer 
friend can get a poignant episode of 
“thirtysomething” out of that story line. 

Environmental issues have been top- 
ical in POPULAR SCIENCE throughout 
its history. Now, the magazine’s par- 
ent company, Times Mirror Maga- 
zines, has announced the formation of 


the TMM Conservation Council. I urge 
you to read and respond to the edito- 
rial by our company’s president and 
chief executive officer, Francis P. 
Pandolfi, on page 7, the first of a series 
ofmessages that state a corporate com- 
mitment to life’s teeming diversity. 


expect respite from earthly pollu- 

tion. But there is a cosmic side to 
the what-do-we-do-with-it-now-that- 
we're-done-with-it syndrome. Writer 
Mark D. Uehling points out in his fea- 
ture on "space junk" that an astonishing 
6.5 million pounds of debris threaten 
every new spacecraft we launch. 
Think about the threat this poses to 
the delicate and highly prized Hubble 
Space Telescope. Michael Shara of the 
Space Telescope Institute gives even- 
money odds that the HST will be hit 
by a marble-size object during its mis- 
sion. Chances of serious damage are 
considerably less: About 300 to 1, 
says Shara. It could be worse, though. 
The HST is orbiting at a relatively 
clean altitude. According to Shara, 
once you get about 1,000 miles above 
Earth, space is a veritable dump. 


[ n space, the great void, one might 


fabled F-117A stealth fighter fu- 

eled our imaginations. What would 
it be like to fly in this odd-looking 
bird? Now that the Air Force has vir- 
tually taken the jet on tour, comes the 
first public descriptions and viewings. 
“Tt feels like you're on the tip of a 
spear," said fighter pilot Capt. Philip 
W. McDaniel. “Photographs don’t be- 
gin to capture its severe angularity,” 
reports West Coast Correspondent J. 
T. Johnson. Nonetheless, as a public 
relations gimmick for a high-ticket, 
high-tech defense appropriation, the 
Air Force may have waited too long to 
unsheathe this weapon. In the face of 
substantial department cutbacks, De- 
fense Secretary Dick Cheney trimmed 
his request for B-2 stealth bombers by 
more than 40 percent. Perhaps that 
was the only prudent thing to do in a 
world where peace is breaking out— 
and the world’s most advanced $106- 
million jet, the F-117A, couldn’t hit its 
one and only combat target in Panama. 
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Henry Kloss created the 
dominant speaker models of the 
"50s (AR), '60s (KLH) and '70s 
(Advent)-as wellas our highly 
acclaimed Ensemble and. 
Ambiance speakers. While 
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Doing What's Right 


For Natural Resources 


his year more than 100 million 

Americans will go outdoors to 

hunt, fish, ski, golf, boat, or 

simply bask in the richness of 
the countryside. But every year, some 
25 million acres of the forests, fields, 
lakes, streams, coastal waters, and beach- 
es they cherish deteriorate or disappear 
under commercial use or other pres- 
sures. As a result, the surviving heart of 
the nation’s natural resources shrinks to- 
ward an irretrievable minimum. 

We at Times Mirror Magazines 
(TMM) invite you, the 30 million read- 
ers of our nine national magazines (be- 
low), to join us in helping conserve the 
resources that, too often, are taken 
for granted. This editorial signals the 
launching of the TMM Conservation 
Council, a working confederation of our 
editors and other executives aimed at 
preserving America's natural resources. 

For the editors of our magazines, and 
for TMM as a whole, the Council repre- 
sents a public service as well as a long- 
standing personal and professional in- 
terest: We depend on the outdoors for 
much of our business. Now we are unit- 
ing to repay that interest. We want you 
with us. For the combined voices of 30 
million outdoor devotees can bring vir- 


Yachting 
SKIING 


tually any politician to instant attention. 

So, too, can your buying power. One 
of the best kept secrets in the U.S. econ- 
omy is that recreationists spend more 
than $300 billion annually on their out- 
door pleasures—more than the Defense 
Department budget and more than twice 
the annual revenues of General Motors. 
TMM is ready to work with you on the 
gut-level concerns we share. 

The Council has chosen three key is- 
sues for initial action: 

HABITAT: Crucial wildlife and fresh- 
water fish habitats continue to be dis- 
rupted or destroyed by poorly managed 
logging, livestock overgrazing, farming 
of marginal croplands, building devel- 
opment, and by industrial and human 
pollutants. Though many enlightened 
sportsmen conservationists—including 
ranchers, lumbermen, farmers, and in- 
dustrialists—are battling against such 
destruction, it continues, ironically, in 
the name of profit. 

The real profits, however, lie in recre- 
ation: By 1995, for example, on U.S. 
Forest Service lands, skiing, fishing, 
hunting, and other leisure activities will 
generate $5 billion, while logging will 
bring in only about $1 billion, The Col- 
orado ski industry, whose slopes are 
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predominantly on Forest Service land, 
generates 61,500 jobs alone. 

MARITIME WATERS: Marine fish- 
eries and prime cruising grounds for 
yachtsmen also are under unacceptable 
pressure from pollution and misuse. 
Commercial fishermen deplete the wa- 
ters through destructive practices such 
as overharvest of juvenile fish and dis- 
carding randomly caught species like 
billfish, dolphins, and whales. In addi- 
tion, the commercial harvesters’ take 
has long been in absurd disproportion to 
their numbers, as well as to sound eco- 
nomics. Ten years ago in Chesapeake 
Bay, a renowned spawning ground for 
striped bass and other prized marine 
species, fewer than 40 commercial fish- 
ermen took 83 percent of all fish caught 
in the Bay, while 250,000 Maryland 
sport anglers got the leavings. 

LAND ACCESS: Public access to 
many of the 724 million acres of public 
lands managed by U.S. Government 
civilian agencies—the Bureau of Land 
Management (BLM), the Forest Ser- 
vice, the Fish & Wildlife Service, and 
the National Park Service—has been 
cut off. A recent check by the deeply 
concerned BLM showed that at least 
32 million of its own acres are fenced 
off or otherwise restricted, 

To address these and other issues, we 
plan future Council editorials. At the 
same time our individual magazines will 
press ahead with opinions of their own. 
At POPULAR SCIENCE, we will continue 
to expand our coverage of technology's 
impact on our environment. We will 
seek out the scientists and the sciences 
that pose solutions to global warming, 


the ozone hole (this issue), acid rain, 
toxic waste, and other threats to the en- 
vironment. Meanwhile, too, TMM has 
established a Washington office to work 
directly with government on our conser- 
vation priorities. By the time you read 
this page, the Council will have: 

*Signed working partnerships with 
the BLM, Forest Service, National Park 
Service, and Fish & Wildlife Service to 
enhance careful use of natural resources 
and to bring prompt action on key legis- 
lation, including access to public lands. 

*Worked with Sen. Robert Kasten, 
R-Wis., to strengthen provisions in the 
1990 Farm Bill that offer cash to farm- 
ers for protecting fish and game habitat. 

*Assisted Sen. William Roth, R-Del., 
and Rep. James Saxton, R-N.J., in de- 
veloping and introducing bills to pro- 
hibit the harvest of striped bass in feder- 
al waters; and worked to prohibit the 
use of drift entanglement nets through 
the 1990 Magnuson Fishery Conserva- 
tion and Management Act. 

*Joined with Gov. Rudy Perpich of 
Minnesota to help expand the Environ- 
mental Compact of the States (ECOS), 
an action body to be comprised of gov- 
ernors and aimed at conservation at 
the state and local level. 

These are but a few of our commit- 
ments. Join us. Start by completing the 
questionnaire below. Then mail it to: 
TMM Conservation Council Executive 
Director, Dr. David Rockland, Times 
Mirror Magazines, 1705 DeSales St., 
N.W., 8th Floor, Washington, D.C. 
20036. We want to know your beliefs 
and what you want done right for Amer- 
ica's natural resources. " 


President and Chief Executive Officer 


CUT HERE 


Check the appropriate boxes to indicate your concern on the following conservation issues. 


Agree Disagree Don't care 


1, Fish and wildlife habitats are being lost at an alarming rate. 

2. The public has insufficient access to public lands. 

3. Destructive commercial fishing is depleting marine fisheries. 

4. Global warming puts human welfare and life at hazard. 

5. Water pollution is worsening. 

6. Many fish, like game, must be prohibited from commercial harvest. 
7. Many household products cause environmental hazards. 

8. Pollutants causing acid rain must be eliminated. 

9. Toxic wastes threaten all life on Earth. 


Please add any other comments you have on conservation. Use extra paper if you wish. 
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Readers Talk Back 


More nukes 


Nuclear power’s future in this nation 
depends less on technology than it does 
on public recognition that we'll need 
it, as well as other energy sources, to 
provide adequate electricity in the com- 
ing years [“Next Generation Nuclear 
Reactors—Dare We Build Them?” 
April]. That could help Congress un- 
tangle the web of regulations and court 
actions that have institutionalized de- 
lay and uncertainty. In-depth polling 
shows that the public, though skepti- 
cal, willingly accepts nuclear plants 
when it realizes the power is necessary 
to sustain society; the design choice 
isn’t critical as long as the Nuclear 
Regulatory Commission, the federal 
agency charged with safety review, 
judges the plants to be secure enough. 
The risks of not having enough elec- 
tricity are far more detrimental to the 
economy, quality of life, and the na- 
tion’s hope for a cleaner environment. 
A. David Rossin 

Los Altos Hills, Calif. 


Rossin was assistant secretary for nu- 
clear energy, US. Department of En- 
ergy, from 1986 to 1987. He is a con- 
sultant to utilities and universities on 
energy planning and research. 


Nuclear-generated electricity is our 
best option. Some facts: Geothermal 
power generates toxic mineral wastes 
from deep within Earth; wind power’s 
low-frequency vibrations cause health 
problems; hydropower damages coastal 
fisheries; solar energy requires huge 
amounts of land; and coal-fired plants 
that minimize pollutants are expen- 
sive. However, nuclear plants create 
less waste heat, emit almost no car- 
bon dioxide, and have better safety re- 
cords than conventionally fired plants. 
We can reliably dispose of and moni- 
tor radioactive waste. Proper operator 
training will also ensure safety and 
protect us from the uninformed knee- 
jerk reactions of the anti-nuclear 
faction. 

Dennis W. Buller, Stockton, Calif. 


Coal-fired plants have caused many 
problems. In addition to causing pol- 
lution from burning, digging for the 
plant fuel has resulted in workers 
afflicted with black lung as well as en- 
vironmental injury from strip mining. 
The choice is clear: We can destroy the 


environment with coal while we spend 
many tax dollars to develop solar or 
wind power, or we can implement less- 
harmful nuclear-plant designs that are 
already under development. 

A. Chris Lipkin, Chicago, Ill. 


Iam an engineer and licensed electri- 
cal contractor who could profit from 
nuclear-plant construction. But I can’t 
support a business that has such a 
proven record of deceit—the result of 
having too many in the industry who 
stand to make tremendous revenues if 
they can foist their nuclear wares upon 
us. Using threats of potential disrup- 
tive power outages, the industry has 
falsely maximized the benefits and 
minimized the costs and dangers to the 
public. However, nuclear power is al- 
ready the most expensive electricity 
source ever conceived—and it will cost 
still more to decommission old plants 
and dispose of waste. 

Paul D. Stutrud, Rohnert Park, Calif. 


You should be ashamed! Your blatantly 
pro-nuclear article might as well have 
been labeled "special advertising sec- 
tion" for that thankfully dying industry. 

David Pate, San Francisco, Calif. 


Why didn't you give equal space to a 
knowledgeable, prestigious opponent 
of nuclear power? 

Matthew Montanari, Keyport, N.J. 


Nuclear power has failed economically, 
environmentally, and morally. We in 
the American Hydrogen Association 
instead advocate a shift from a fossil 
fuel/nuclear economy, which has a ten- 
uous supply at best, to nonpolluting, 
cost effective, and renewable hydrogen. 
By year's end, we plan to make hydro- 

gen a household word. 
. Sherwin N. Berger 
American Hydrogen Association 
Tempe, Ariz. 


We should use methane gas for elec- 
tric power and to run autos. The tech- 
nology is established, it’s nonpolluting, 
and the gas is readily available at our 
much discussed garbage dumps. 

Jay Smith, Fredricksburg, Texas 


We don't need new reactors. We can 
solve our future power needs today by 
making our homes and businesses 
more energy efficient. 

Richard Riker, Grants Pass, Ore. 


False competition 


The reader who said solar power was 
"not competitive" with other energy 
sources, like coal, missed the point 
[“RTB,” April]. Price is not the only 
consideration: Hasn't coal caused acid 
rain and other environmental damage? 
I would rather gripe about higher en- 
ergy bills than drive more animals—or 
humans—to extinction. 
Mike Morrow 
San Diego, Calif. 


Is there a doctor in the house? 


In the May "Electronics Newsfront," 
you incorrectly describe CT scans as 
“a type of magnetic resonance imag- 
ing.” A CT scan is computerized tomo- 
graphy, and uses an X-ray beam. Mag- 
netic resonance imaging, however, uses 
astrong magnetic field and radio waves. 
Both techniques show bones and soft 
tissues to varying degrees. 
David P. Mayer, M.D., director 
The Graduate Hospital Imaging Center 
Philadelphia, Pa. 


A happy median 


The Plymouth Voyager III car-within- 
a-minivan in the April "Automotive 
Newsfront" is a fine start to solving a 
dilemma I have: whether to buy a 
recreational vehicle or a car and trailer 
for housing on the road. Any produc- 
tion plans? 

John B. Hill, Chapel Hill, N.C. 


Not yet; so far, the vehicle is just a styl- 
ing exercise. 


To catch a thief 


I have a question about spread spec- 
trum, a method of radio transmission 
["World Without Wires," April]: Could 
someone steal computer files by receiv- 
ing the spread-spectrum signal and 
"subtracting out" the chip sequence? 
Henry Kwan 

Brookline, Mass. 


No, unless the person happened to have 
a close replica of the chip sequence, a 
digital code. The sequence of our wire- 
less computer network, for example, is 
8,589,934,591 chips long—impractical 
to try to find even by computer search. 
And if the receiver did have the correct 
sequence, it couldn't participate in the 
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Now I'm in control” 


“Twas making more money. But I wasn't 
worrying any less. Until I invested $59.95 
in a copy of Quicken. Now | always know 
exactly where my money went. Exactly 
how much I have. And exactly what I can 
afford. I never wake up wondering if a big 
purchase was a big mistake. 

The uncertainty is gone. I've never felt 
so organized about money. 


I'm in control now. 
Where did my money go? As I pay my 


of expense—utilities, clothing, charity, 
whatever. Then a simple keystroke gives 
me a report showing how much I spent 
in every expense category each month. 
How am | doing? Another keystroke 
shows my budget vs. actual. Credit appli- 
cation? In seconds I’ve got a financial 
statement showing income, expenses, and 
net worth. Tax time? No sweat. Quicken 


"Quichen' reports tell me where my money goes 


bills, Quicken automatically notes each type 


^N 


and how much I have. 


It's easy. 

I just pulled out the Quick Start Card 
and typed "install." That simple. | was up 
and running in 6 minutes. The screen even 
looks like my checkbook. There is nothing 
new to learn. No complicated instructions 
I just might read the rest of the manual to 
see what more Quicken can do. 


It's a powerful 

business tool. 
Quicken can help 

control your business 


“If you have to 
worry about money, 
you might as well 


Try Quicken for 30 days at no risk. 
Are you making more money and 

enjoying it less? Order Quicken now. You'll 

quickly see why it's the best selling financial 

software in the world. But if you're not 

satisfied for any reason, return it for a full 

refund. No questions asked" 


Send in the coupon, or call 


1-800-624-8742 


24 hours a day, 7 days a week 
U.S. and Canada 


P-lLL]---- cw———---- 


provides one report with all my itemized finances, too. It produces | O YES, I'm ready to take control of my finances. Send me Quicken 


deductions. P&L statements and for only $59.95. If I'm not completely satisfied, I can return it within 30 days 
fora full refund. Free shipping by air within the U.S. CA residents add sales tax. 
balance sheets. Forecasts ipping by 
It's fast. cash flow Tracks A/R, | For coupon orders, allow 10 working days for delivery in US. slightly longer 


in Canada. International shipping extra. 


Time to pay bills? Quicken has*memo- — A/P, payroll, jobs, clients, | 


ized" i Ni 
rized” all my regular payments. I just properties,and more. — | pom 
confirm the amounts and Quicken prints City State. Zip 
checks for me to sign. I still use my mtut | Daytime Phone ( ) 


IBM: C15w"disk O34” disk 
Preferred Payment Method (check one) 
O Check enclosed (no purchase orders or C.O.D., please) 


regular checkbook when it's more OR OMACINTOSH 
convenient. Or I can pay my bills 


electronically through the Cheddiee 


$5995 


| and DOS 20 or higher. Mac: All with 512K RAM. Both versions 
work with all monitors and printers. Feature sets vary Balance 

‘Sheet report not available for Mac. CheckFree not available for 

Mac, or outside the US. Unlimited FREE technical support. 

Not copy-protected 


PO. Box 3014 


*Anturt 


a | Menlo Park, CA 94026 


à OVISA OMasterCard O American Express 
payment service. Card No. Exp. Date 
SPECIFICATIONS 
IBM: All IBM PC, XT, AT, PS/2, and compatibles with 320K RAM mh m 


Or Call 
1-800-624-8742 


US.and Canada 1APZPS70 


Readers Talk Back 


packet protocol, which includes trans- 
mission of incorrectly received packets. 
Thus, a would-be thief would have no 
assurance that he would be able to get 
any computer file, much less the file 
he might actually want.—Paul K. 
Kavanaugh, vice president and chief 
technical officer, O’Neill Communica- 
tions, Princeton, NJ. 


More than kicking the tires 


In your test reviews, why don't you tell 
us how safe the automobiles are? I 
know performance sells vehicles, but 
the ability to survive in an accident is 

the most critical issue. 
Ronald B. Greene, M.D. 
Philadelphia, Pa. 


We agree safety is an important con- 
sideration in any automobile purchase. 
Of course, every vehicle must meet fed- 
eral standards for crashworthiness. 
And handling and braking ability, 
which enable a driver to avoid a colli- 
sion, are already summarized in our re- 
sults charts by the slalom, lane-change, 
and braking-distance tests. In addition, 
we will soon include a description of 
each automobile’s passenger-restraint 
system.—Norman S. Mayerson 


PS on CD-ROM? 


Regarding “CD Libraries: New Power 
for Home PCs” [May]: When will I be 
able to purchase the entire 118-year 
collection of PopuLAR Science on CD- 
ROM? If that were available, it would 
justify the cost of a CD-ROM player. 
Wayne A. Mann, Chicago, Ill. 


It really depends on the demand for 
such a "library." You're the first to ash. 
—Fred Abatemarco 


Doing our part 


Many organizations evaluate cars, but 
PoPULAR Science is the only one that 
devotes a section to “prices, parts, and 
service.” I like knowing which cars 
have windshields and alternators that 
cost hundreds of dollars more than 
those of comparable cars. 

Richard Carman, Clinton, N.Y. 


Sticky business 

I read with great interest the item on 
CBT and VHB adhesive tapes [Strong- 
est Tape?, “Home Newsfront,” Feb.]. As 
a distributor of specialty tapes (includ- 
ing VHB), I can say that their capa- 
bilities are tremendous, but not with- 
out limitations: Only use VHB or CBT 
tapes on nonporous surfaces; always 


] 


apply the tapes at room temperature; 
and you may need mechanical fasten- 
ers at key stress points. If any readers 
would like to experiment with small 
amounts of VHB tapes, I would be glad 
to sell single rolls. Call (800) 882-7348, 
or, in New York state, (516) 488-5900. 
Andrew Machover 

Vice president, sales 

Tape-Rite Co., New Hyde Park, N.Y. 


Sink or swim? 

Tm concerned about Aquabuoy, which 
you featured in “What’s New Recrea- 
tion" [Feb.]. The device straps on your 
wrist like a watch and inflates to a 
flotation pillow. After testing it on a 
recent TV show, however, a water- 
safety expert gave it a bad review, and 


didn't recommend using it. 
Robert Wong, Bedford, Texas 


Easy to wear uninflated, Aquabuoy pro- 
vides support in water until you can 
reach shore or help comes. Of course, it 
is not a life vest—which is indisputably 
the best protection from drowning. 
Unfortunately, few people wear the 
bulky vests. In the TV program men- 
tioned, a person using an Aquabuoy let 
go of it and allowed his head to sub- 
merge. The same thing could happen 
with a Coast Guard-approved flotation 
cushion. The Coast Guard says it has 
neither approved nor disapproved Aqua- 
buoy because it does not yet evaluate 
personal flotation devices on recreation- 
al boats.—Ron S. Ekovich, Pro Tech- 
nology, Leesville, S.C. 


Metal mixup 


The catalyst for the rapid hydrogen ex- 

change reactions was explained incor- 

rectly in “Night and Day Solar" [Feb.]. 

We use nickel for doping the magne- 
sium powder, not tin. 

Alfred Ritter 

Max-Planck-Institut 

Fir Strahlenchemie 

Mulheim, West Germany 


Wrong-way inlet? 


The illustration of Scaled Composites’ 
Mud Fighter plane, showing the en- 
gine inlet on the pilot’s right, is con- 
trary to the text (“Wild Wings Reshape 
the Way We Fly," Feb.]. Which is right? 
Harry C. Wiersdorfer 

Hamburg, N.Y. 


The engine inlet is on the pilot's left, as 
stated in the text. We based our illus- 
tration on artwork supplied by Scaled 
Composites that mistakenly showed the 
engine inlet on the right. 


But they have potential 


Please deliver us from unimaginative 
articles like “Slight of Hand Comput- 
ing" [March]. You chide these comput- 
ers as being "not for serious users" 
without recognizing their tremendous 
potential. Many of us who travel have 
dreamed of such a machine. As for the 
lack of software, some existing pro- 
grams, including programming lan- 
guages, can be loaded via the serial 
port and seem to work properly. 
J. E. Schoof 
Ardrossan, Alberta, Canada 


Fie on sky spies! 


After reading the March article "Space 
Spies,” I'm convinced we're governed 
by paranoids who spend billions of dol- 
lars on harebrained schemes. They've 
been invoking the Russian bogyman 
as a justification for “defense” spend- 
ing since World War II. If we redirected 
that money, we probably could solve a 
lot of our environmental problems. 

Joseph W. Engels, Gravois Mills, Mo. 


These old tools 


I read about the “new” neodymium 
magnet with some amusement [^What's 
New Tools," Jan.]. We have been mak- 
ing such a magnet for over four years. 
Unlike the model you depicted, ours is 
also telescopic, and when you take the 
top off, it's a ballpoint pen! 
Les Adam, president 
AZ Industries, Ash Flat, Ark. 


Editor's notes: For more information 
about Sparfil blocks [“Lightweight 
Block, Heavyweight Insulator, May] 
address inquiries to: Sparfil Interna- 
tional, 8241 Keele St., #15, Concord, 
Ontario L4K 1Z5, Canada; or, Sparfil 
Block Fla., Box 270336, Tampa, Fla. 
33688. 

The price of the Trace Marker, a 
stamper in the June “What’s New,” is 
now $102.50. 


Address letters to Readers Talk Back, PoPuLar SCIENCE, 

Park Ave., New York, N.Y. 10016. Or fax your letter to 
us at (212) 779-5468. We reserve the right to edit for 
space and clarity and cannot answer unpublished letters. 


PHOTOCOPY PERMISSION: Permission is granted by 
Popular Science" for libraries and others registered 
with the Copyright Clearance Center (CCC) to photo- 
copy articles in this issue for the flat fee of $1 per 
copy of each article or any part of an article. Send 
correspondence and payment to CCC (21 Congress St., 
Salem, Mass. 01970); specify CCC code 0161-7370/ 
85/$1.00—0.00. Copying done for other than per- 
sonal or reference use without the written permission 
of Popular Science" is prohibited. Address requests 
for permission on bulk orders to Chief Editorial Asst., 
Popular Science, 2 Park Ave., New York NY 10016. 
Popular Science* is a registered trademark of Times 
Mirror Magazines, Inc. 
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Who needs a Campbell Hausfeld Air Compressor? 
Lets have ashow of hands, 


You need one. Because there's almost no 

end to the jobs you can do easier and 

faster with a Campbell Hausfeld 

Air Compressor. E 
You can inflate tires, sport 

balls and rafts. You can 

spray paint, fertilizers and 

pesticides. You can clear 

water lines and gutters. 

You can use it with nailers, 

staplers, sandblasters, 


S ut 


sanders, drills and impact wrenches. And the 
list goes on. Campbell Hausfeld, America's 
favorite air compressors. See the complete 
line of air compressors, tools and acces- 
sories. For more information and the 
4,4. name of your local retailer, call 
a= 1-800-634-4793, Monday- 
x Friday 8am-5pm, ET. 
w- 


J 


NIGHT LIGHTS 
AREN'T JUST FOR THE 
KIDS ROOM. 


| —L *r 


Remember when you were a kid how good a night light used fo make you feel? Well, high-efficiency outdoor lighting can do 
the same thing for your home. Because a house that’s well-lit on the outside is one that’s much safer for you. And one that's a lot less 
inviting to prowlers. If you'd like to receive more information on how fo use high-efficiency outdoor lighting to enhance the safety, 
security and beauty of your home, contact your electric utility. Because even a kid knows a night light can help keep the bad guys away. 


YOUR ELECTRIC UTILITY 


BY JUDITH ANNE YEAPLE ome 


Cart smart A 


Wheel a cooler to the beach or haul up 
to 200 pounds of mulch to your garden 
with this lightweight cart made of plas- 
tic tubing and mesh. Use the CarryOr’s 
push-button snaps to fold it quickly 
when not in use or to disassemble and 
stow in a nylon sack. An optional alu- 
minum tow bar attaches to a bike seat. 
Seair Dynamics, 3980 Airport Rd., Boca 
Raton Airport, Boca Raton, Fla. 33431. 


British scientists hope to study the ther- 
mal structure of the atmosphere with 
their Improved Stratospheric and Mes- 
ospheric Sounder, one of 10 instruments 
to be launched in 1991 aboard NASA’s 
Upper Atmosphere Research Satellite. 
ISAM’ infrared detectors, cooled to mi- 
nus 190 degrees C, will measure heat 
radiating from Earth’s horizon. 


Tunnel scrubber A 

In Denmark, vehicle-exhaust soot and 
salt are scrubbed from tunnels and 
bridges with this soap-saving machine 
from Zellinger of Austria and Saab- 
Scania. Three brushes—one on each 
side and one on a longer “arm”—enable 
the truck to wash the tunnel sides and 
roof. Equipped with a 14,000-liter tank, 
the machine consumes only one-tenth 
as much detergent as manual washing. 


< Fancy footwork 


When eye surgeons 
work, they use a mul- 
ti-task hand piece to 
cauterize, cut, rinse, 
and do other surgical 
work. They select 
each function with a 
separate foot pedal. 
Now Alcon Surgical 
in Irvine, Calif., has 
combined five pedals 
into one, with two 
dual-action switches 
flanking the main 
pedal. The result: no 
more groping for the 
correct pedal. 
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What’s New 


130-mph kit copter > 
RotorWay’s updated two-seat kit heli- 
copter, the Elete, tops older models with 
a maximum speed of 130 mph and a 
range of 340 miles. When you complete 
the $42,000 kit, RotorWay provides a 
two-stage flight training to get you up 
in the air. RotorWay Aircraft, 300 S. 25th 
Ave., Phoenix, Ariz. 85009. 


Human-powered flashlight A 


This futuristic flashlight illuminates 
when its built-in generator is cranked. 
The flashlight’s nickel-cadmium batter- 
ies recharge with as little as 30 seconds 
of cranking. Designed by Charles Bab- 
boni, a student at the Milwaukee Insti- 
tute of Art and Design, the flashlight 
captured a top prize from a local chap- 
ter of the Industrial Designers Society 
of America. 
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«Super scooper 


This nautical trash collector scoops up 
debris from lakes and harbors in a 
seven-foot-wide swath. Its unique filter 
system, a conveyor belt made of 95 steel- 
cable strands, collects everything from 
cigarette filter tips to two-foot-wide 
shipping crates. Inventor Bill Hamilton 
of Newport Beach, Calif., says the craft 
can also be adapted to skim spilled oil 
off the water. This attachment, a large 
drum covered with a special material, 
can collect 450 gallons of oil per hour. 
The $35,000 Water Rake is powered by 
three 10-hp outboard motors. 


<True colors 
As paint, textile, and 
plastic manufactur- 
ers know, matching 
colors is difficult 
because a color is 
often a mix of sever- 
al basic colors, This 
spectrophotometer 
from X-Rite Inc. 
(Grandville, Mich.) 
measures the exact 
amount of each bas- 
ic color in a sample 
then describes it in 
the international 
color standards 
code. The portable 
X-Rite unit is $8,000. 


BY WILLIAM J. HAWKINS umm ee === a 


Just add speakers > 


The top slot on ADC’s CD changer ac- 
cepts a six-disc magazine. The bottom 
slot lets you play a single disc at a time. 
Up to 32 tracks per magazine can be 
preprogrammed, and an additional 
memory stores the locations of up to 60 
discs held in any of 10 magazines. Need 
more? The SoundStation is a complete 
AM-FM receiver too. The 60-watt-per- 
channel model 1440 is $700. 


= 
O Teepe 


ERE < Door phone 
E] y] 


Who's at the front door? 
Pick up the phone to find 
out. The Telebell System 
connects your phone sys- 
tem with an outdoor speak- 
er. When you're home, 
speak to a visitor from any 
phone in the house. When 
you're not, Telebell calls 
you at a remote phone for 
communications. From Uni- 
ted Telesis Corp. (6488 
Avondale Dr., Oklahoma 
City, Okla. 73116), it's $250. 


«Face lift 


Like the face plate on Pio- 
neer's DEH-750 instrument- 
panel-mounted CD player? 
Crooks don't. Reason: The 
snap-off face—with all the 
controls—is removable. 
When you leave the car, 
take it with you to make the 
remaining player useless to 
thieves. The AM-FM/CD 25- 
watt unit is $530. 


Two-zone stereo A 

Bose's Lifestyle AM-FM/CD music cen- 
ter lets you play two different sources 
at once: For example, play a CD in the 
living room, while someone else listens 
to FM music in the den. The remote con- 
trol lets you operate the music center 
from anywhere in the house. Price: 
$2,739, including a remote and speak- 
ers for two rooms. 


Pocket fax > 


Attach the pocket-size Complete Fax/ 
Portable to the serial connection of your 
PC. Result: Send and receive fax mes- 
sages on the go via your portable com- 
puter. The battery-powered unit is com- 
patible with all Group III fax machines. 
It’s $499 with cables and software from 
The Complete PC (1983 Concourse Dr., 
San Jose, Calif. 95131). 
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Four-wheel drive, rear anti-lock brakes 
and peace of mind come standard. 


The ne 
Aerostar with 
of mind a nev 


weather. 


Full-time traction and more 
controlled braking. 
Aerostar's soph ated 4-wheel drive is a 
ull-time system which electronically senses 


Buckle up-together we can save lives. 


road conditions and adjusts the amount of power 
given to each set of wheels accordin, he rear 
anti-lock bra are designed to prev 

wheel lock-up and help you make 


Powerful 4.0L V-6, standard. 
Advanced technology isn't all there is to the 
Aerostar story. In addition to it 
/-6, the new 4WD Aer 1 
comfortable interior and impre 
bility. Put this all together and you've got a 


vehicle that gives you not only peace of mind, 
but pride of ownership, too, 


Transferable 6/60 powertrain warranty. 
Covers you and future owners on ma- 

or powertrain components for 6 years/ 

30,000 miles. Ask to see a copy of this 

imited warranty at your Ford Dealer. 

990 Motor Trend award-winner. 


Qiii i 
Recently, Motor Trend selected —— 
he 4WD Aerostar as the winnerof "e 


its prestigious 1990 “Truck of the Year" award. 
Once again, Ford's commitment to quality and 
philosophy of continuous improvement pays off, 


New 4WD 
Ford Aerostar 
Have you driven a Ford...lately? (685727293 


High-tech seal > 
Victor 2000 non- 
asbestos gasket 
material has a 
five-layer design 
with an outer coat- 
ing of Teflon to 
seal surface irreg- 
ularities, to take 
account of therm- 
al expansion be- 
tween faces, and 
to ease removal. 
Victor Division of 
Dana Corp., Box 
455, Toledo, Ohio 
43692-0455. 


Tire repair, the easy way A 

With Dynaplug you can quickly repair small punctures in 
most tubeless tires. Load the tool with a brass-tipped plug, 
insert it into the hole, and pull the handle out of the tire. The 
plug stays in place, providing a permanent repair. The plugs 
are made of a rubber-impregnated cord. Dynaplug is made 
by Hector Engineering Co. (1821 W. Third St., Bloomington, 
Ind. 47403) and sells for $10, complete with four plugs. 
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Power vacuum for cars A 

The rotating power brush of the CarVac vacuum loosens 
trapped dirt and lint from upholstery and carpeting for a 
more thorough cleaning job, according to Black & Decker. 
The vacuum operates on the car's cigarette-lighter outlet 
and costs $40. Black & Decker, 10 N. Park Dr., Box 798, Hunt 
Valley, Md. 21030-0748. 


«4 Safety box 


Made of sturdy 11-gauge steel, Carsafe can keep registra- 
tion and insurance papers or valuables, such as a cellular 
phone or tape deck, safely under lock and key. The model 
5000 ($149) 12-by-12-by-3'2-inch security box can be mounted 
under a seat or in the trunk with the included hardware. 
The model 2500 912-by-11'2-by-2%-inch box is $99. Colorado 
Carsafe, Box 440599, Aurora, Colo. 80044. 


Power beam V 


This rechargeable spotlight produces a 500,000-candlepower 
beam of light, 10 times brighter than an automotive head- 
light, for late-night roadside repairs. The RC-500K light will 
hold a charge for about 30 minutes of intermittent use and 
can be fully recharged in 24 hours. Including two rechargers 
and two colored filters, the spotlight sells for $80. Lectro Sci- 
ence, 6410 W. Ridge Rd., Erie, Pa. 16506. 


ONE TOUGH MOTOR OIL ANNOUNCES 
ONE TOUGH GUARANTEE... 


HANNS 


TWO HUNDRED FIFTY THOUSAND MILES 
OR TEN YEARS. 


Use Quaker State exclusively in your new car, and our 
limited guarantee will cover lubricated engine parts for 
250,000 miles or ten years, whichever comes first. 


How tough is today’s Quaker State? participating Quaker State service centers. These 
Tough enough to make this promise: Use only Quaker include many new-car dealers, automotive service 
State in your new car's engine, and if any lubricated centers and fast lubes nationwide. 
engine part not covered by the manufacturer's warranty To participate in the guarantee program, enroll your 
or extended-service contract suffers an oil-related break- new car at a participating service center within six 
down during its first 250,000 miles or ten years, Quaker months or 6,000 miles of purchase. Use only Quaker 
State will pay for the repair. State Motor Oil, and have your oil and filter changed 
ata service center according to manvfacturer's 
instructions for severe driving conditions but not to 
exceed 4,000 miles or four months between changes. 
Save yovr receipts. 


How can Quaker State make a guarantee 


q : this tough? 
We'll guarantee lubricated parts in engines of all Today's Quaker State has £g 
sizes-domestic or imported. proven its toughness over and Y 
Quaker State's limited guarantee covers lubricated over again in the most rigorous j | 
tests that the world’s auto makers 


parts in engines of every single imported and domestic 
car or light truck sold in the United States. It even 
covers the deductible on any extended warranty you 
might have purchased from your new-car dealer. fications ^ 
Enrollment is absolutely free. ications for every single 
car sold in the United 


See a copy of lubrication limited warranty and States. It takes a tough oil 
enrollment details at participating service centers. to offer a guarantee this 


Complete details and enrollment forms for the Quaker tough. But Quaker State 
State 250,000-mile or ten-year guarantee are available at is One Tough Motor Oil. 


have thrown at it. The result: 
Quaker State actually 
exceeds lubrication speci- 


f 
Super Blend 
— 1OW-30 
sg MOTOR OIL 


SZ! The Big Q is One Tough Motor Oil. | 


1990 Quaker State Corporation: DON’T POLLUTE. PLEASE DISPOSE OF USED MOTOR OIL PROPERLY. > - 


Anew handle > 


Frustrated with your forehand? A rack- 
et with a six-sided handle instead of 
the traditional eight might be the an- 
swer. The six-sider helps position your 
hand in exact alignment with the face 
of the racket, claims Andrew Brown, 
the inventor. This positioning gives you 
more control over each swing, says 
Brown. Research at the University of 
Massachusetts at Amherst showed a 14 
percent improvement in forehand 
swings and a nine percent improvement 
in backhand swings with the six-sided 
handle. A major manufacturer wil 
fer the $150 racket in August. 


THE EXTRACTOR 


1?” 


D 


Snakebite protection A 


Planning a hike in the woods? You 
might want to bring The Extractor. It’s 
designed to remove venom and poison 
from insect stings and bites. Just at- 
tach one of the plastic cups that best 
covers the bitten area to the pump and 
push the plunger to extract the poison. 
Sawyer Products, Box 188, Safety Har- 
bor, Fla. 34695. 
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Cooler heads A 


The Le Mond Air Attack helmet from 
Giro Sport Design was created for cy- 
clists who need to keep a cool head 
during extended rides. Nine almond- 
shaped vents on the top of the helmet | 
allow for 18.7 inches of air space. This | 
ventilation system is designed to cool 
your head without causing additional 
drag on the helmet. A layer of polysty- 
rene reinforces the foam liner, which 
is standard in all safety-approved hel- 
mets, and makes the helmet durable, 
claims Giro. Price: $90. 


Safety shades > 


Need protection from the sun while 
you're.on the slopes or out at sea? 
These SAS 4000 sunglasses feature a 
no-slip nose grip that keeps them se- 
cure during all action sports, says 
Swiss Army Brands. Polycarbonate 
plastic lenses provide 100 percent. 
protection from ultraviolet rays 
and are less than half the 
weight of glass. Price: $115. 


<Composite clubs 


You may want to put down your irons 
and woods and try improving your golf 
game with composite clubs. Compos- 
ite materials provide the strength of 
steel-with only one-third the weight. In 
golf terms, this means you have ideal 
weight distribution in the club and a 
solid feel in the swing, claims Yamaha 
Corp. (6600 Orangethorpe Ave., Box 
6600, Buena Park, Calif. 90622). 


BY TIMOTHY 0. BAKKE 


High-R fiberglass A 


In response to higher insulation values 
recommended by the Model Energy 
Code, manufacturers have developed 
higher-density fiberglass insulation that 
yields R-15 versus R-11 for 32-inch 
batts and R-21 versus R-19 for 52-inch 
batts. Owens-Corning Fiberglas Corp., 
Fiberglas Tower, Toledo, Ohio 43659; 
CertainTeed Corp., Box 860, Valley 
Forge, Pa. 19482. 


Out-of-the-kitchen grill > 


The Lanai Outdoor Grill is the first 
240-volt electric grill listed by Under- 
writers Laboratories for outdoor use. 
Intended for a covered area like a porch, 
veranda, gazebo, terrace, or deck, the 
down-drafted grill is designed to be in- 
stalled in a worktable or counter. Jenn- 
Air Co., 3035 Shadeland, Indianapolis, 


Ind. 46226-0901. 


Counter-top sealer A 


Pull the protective paper from Color- 
seal's adhesive strips (above), assemble 
the counter top and back splash around 
the PVC seal (top), and you have a no- 
seam joint without caulking, says Flex- 
ible Materials (11209 Electron Dr., 
Louisville, Ky. 40299). 


Á 


No, it’s not wood > 

Ever-Strait insulated fiber- 
glass doors look remarkably 
like authentic wood ones in 
part because they feature 
raised panels, unlike any 
other composite door on the 
market, says Pease Indus- 
tries (Fairfield, Ohio 45014). 
The doors also have a porous 
surface that can be stained 
like wood, as well as a sub- 
tle embossing that resembles 
true wood grain. Patented bi- 
metal brass and steel edge 
stripping surrounds the 
doors, enabling the use of 
magnetic weather stripping 
to seal against air infiltration. 
Prices: $425 to $1,100. 


t 


Super spot A 
Spotline is a com- 
puter-designed re- 
flector lamp with an 
unusual shape that 
provides 100 per- 
cent more light on 
the task area than 
conventional re- 
flector lamps, claims 
Philips Lighting Co. 
(Box 6800, Somer- 
set, N.J. 08875). 


<4 Strong plastic 


Two walls give 
Lexan Thermoclear 
extra strength and 
insulation capabil- 
ity: It’s 250 times 
more impact resist- 
ant and 40 percent 
more energy effici- 
ent than  '4inch 
glass. General Elec- 
tric Co., Pittsfield, 
Mass. 01201. 
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No-leak waterheater A 


The seamless composite lining 

in the Duron electric water 
heaters lasts twice as long as glass 
linings and doesn't require an anode, 
which may produce sulfurous odors 
says State Industries (Ashland Cit 
Tenn. 37015). Also, the water-inlet c 
produces turbulence in the tank to pre- 
vent sediment buildup, claims State. 
Price: $150 to $300 (30 to 82 gallons). 


Rainproof roof vent A 
The flexible RidgeMaster vent lets hot 
air and moisture exit the roof peak, 
while keeping insects and wind-driven 
precipitation out, through an unusual 
internal baffle-and-gasket design, 
claims Mid-America Building Products 
Corp. (9246 Hubbell Ave., Detroit, Mich. 
48228). Price: about $3 per foot. 
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«Simple valves 


Uni-Ball hose 
bibbs, sill cocks, 
shut-offs, drain 
faucets, and stop- 
and-waste valves 
couldn't be much 
simpler: The 
washerless design 
comprises just 
four parts—body, 
ball-and-handle, O- 
ring, and retain- 
ing ring. Made of 
forged brass and 
able to withstand 
pressures of 200 
psi, Uni-Ball is the 
first line of house- 
hold valves to use 
ball-valve design, 
says B & K Indus- 
tries (655 Wheat 
Lane, Wood Dale, 
Ill. 60191). 


«Convertible iron 


For ironing jobs where the cord always 
seems to be in the way, you can use 
the Rowenta Mode 2 cordless iron. For 
heavy pressing jobs where you need 
more heat for longer times than a cord- 
less can provide, you can also use the 
Mode 2. The 1,200-watt steam iron is 
the first that can be used with or with- 
out the cord attached, according to 
Rowenta Inc. (281 Albany St., Cam- 
bridge, Mass. 02139). Price: $110. 


High-strength faucet V 


Durapro polypropylene faucet cores re- 
sist harsh chemicals and corrosive min- 
eral buildup better than those made of 
metal, and can withstand 2,500-psi 
bursts of hydrostatic pressure, says 
Nibco Inc. (Box 
1167, Elkhart, Ind. 
46515-1167).Dura- 
pro also can be 
installed like met- 
al without fear 
of cracking under 
high torque: In ten- 
sile-strength tests 
it outperformed 
other plumbing 
resins by as much 
as 3,000 psi, ac- 
cording to Nibco. 
Durapro is 
y ? available in 
kitchen and lav- 
atory faucets. 


JOHN B. CARNETT 


BY CHERYL M. FIORILLO 


Portable angler A 


A simple jig called Miterite aligns your 
power saw with your workpiece for 
perfect miters, bevels, even compound 
angles. The saw’s base plate slides on 
two guide rails, which are linked to the 
wooden base with connectors that pivot 
to accommodate the work. Frenway 
Supplies, 11 Keats Close, Newport Pag- 
nell, Bucks MK11 8DW, England. 


Cordless glue gun > 


The Thermogrip butane-pow- 
ered cordless glue gun heats 
up in four to five minutes to 
bond wood, leather, ceramic, 
plastic, paper, and more. A 
disposable butane car- 
tridge provides four 
hours of gluing time. 
This $30 gun comes 
with two all-purpose 
glue sticks and one 
Thermacell butane car- 
tridge. Replacement 
cartridges are two for $6. Black & Deck- 
er, Box 798, Hunt Valley, Md. 21030-0748. 


Tags for tools > 


Bright red and white labels called Tool 
Tags identify wrench, socket, and nut- 
driver sizes at a glance and eliminate 
clumsy fumbling through your toolbox. 
The peel-and-place tags are available 
in English (16inch to 7sinch) and metric 
(4 millimeter to 19 millimeter) sizes. 
Price: $1.50 per sheet. Tool Tags Co., 
Box 329, Milwaukee, Wis. 53201. 


User-friendly joiner A 
Ryobi's JM-100K biscuit joiner was de- 
signed for convenience, says the com- 
pany. Biscuit joiners cut oval slots into 
which you glue a mating spline (a bis- 
cuit), forming a strong, almost fool- 
proof joint. The new Ryobi joiner has 
a dial to set the depth of cut for the 
three standard biscuit sizes; a fence 
with positive stops for bevel cuts at 45, 
90, and 135 degrees; and a dust bag that 
minimizes the mess. List price: $230. 
Ryobi America Corp., 1424 Pearman 
Dairy Rd., Anderson, S.C. 29625. 


Metal piercer A 
The Sidewinder bit is designed espe- 
cially for dry drilling into metal with a 
portable electric drill. But it is also fine 
for drilling plastic and wood. Its acutely 
angled point eliminates “walking” and 
speeds up cutting time, claims the man- 
ufacturer. And sharper spirals remove 
chips faster to extend bit life. The bits 
are sold individually (from $1.45 to $13) 
and in 7-, 10-, 13-, and 29-piece sets. 


2 Price of sets: $11 to $118. The largest 


set comes in a metal storage case; small- 
er sets are housed in plastic cases. Ver- 
mont American Tool Co., Box 340, Lin- 
colnton, N.C. 28093-0340. 
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By ARTHUR FISHER 


Science Newsfront 


Far from the madding crowd 


That's our galaxy you're looking at, 
the storied Milky Way. It's hardly vis- 
ible in the night sky anymore, at least 
to dwellers of cities, suburbs, and ex- 
urbs, because of ever-encroaching light 
pollution. 

But astronomers have been able to 
obtain images ofthe galaxy from space. 
These edge-on views show a flattened 
disc. The aspect is edge-on because our 
sun is part of the galaxy itself, and lies 
inthe plane ofthe disc. It resides, along 
with its system of planets, far out on 
one of the Milky Way's spiral arms, 
about 28,000 light-years from the gal- 
axy's center. 

The astonishing thing about this pic- 
ture is that it shows, for the first time, 
something of the teeming, glowing 
bulge of stars that lies close to the gal- 
axy's center. Before now, this region, 
which some astronomers think con- 
ceals a massive black hole, was ob- 
scured by clouds of interstellar dust 
that strongly absorbed visible wave- 
lengths of light, with which earlier 
photos were made. 

Now, however, NASA's Cosmic Back- 
ground Explorer (COBE) satellite has 
penetrated the dust veil by imaging the 
galaxy in three different infrared wave- 
lengths: 1.2, 2.2, and 3.4 microns. The 
photo below combines the three images 
as blue, green, and red, respectively. 
The image is redder where there is 
more dust between the stars absorb- 


ing more light and then reradiating it 
as longer-wavelength infrared. 

The COBE satellite made the images 
from an orbit about 560 miles above 
Earth. It was launched last November 
to study the coldly ethereal cosmic 
background radiation that is the resi- 
due ofthe big bang—the primal scream 
of energy that astrophysicists believe 
gave birth to the universe 15 to 20 bil- 
lion years ago. This first penetrating 
glimpse of our galaxy, said Michael G. 
Hauser, chief astronomer of NASA's 
Goddard Space Flight Center, was a 
"fringe benefit" of COBE's primary 
mission. 


Oats in your ice cream? 


Claims for the health benefits of vari- 
ous grains—oats, rice, barley—have 
turned into a kind of cereal derby that 
can make your head spin. More fiber 
was added to the fire at an American 
Chemical Society meeting in Boston 
last April, when one scientist pro- 
posed a method of making frozen des- 
serts, salad dressings, sauces, and the 
like that were not only virtually fat 
free but had cholesterol-lowering 
properties. 

Dr. George Inglett of the U.S. Depart- 
ment of Agriculture said he and his 
colleagues have found a way to treat 
oat bran and flour to yield a tasteless 
gel that could replace fats in many 
products, especially lower-temperature 
ones. 


NASA's Cosmic Background Explorer satellite took this unique photo of our galaxy in near-infrared. 


The product, for which patents are 
pending, is called Oatrim. It has only 
10 percent of the calories of fats. “It 
can give cholesterol a double whammy,” 
Inglett said, because it can not only 
replace saturated fats, which raise cho- 
lesterol levels, but it also contains a 
significant amount of beta-glucan, a 
soluble fiber that has been shown to 
lower cholesterol. 

For example, Inglett said, a four- 
ounce serving of premium ice cream 
contains between 18 and 22 grams of 
fat, 85 milligrams of cholesterol, and 
250 to 300 calories. A similar-tasting 
“ice milk” made with the gel has al- 
most no fat, a bare four milligrams of 
cholesterol, and a skinny 135 calories 
—mostly from the sweetener and skim 
milk. 

To make the oat gel, Inglett treats 
oat bran and flour with enzymes called 
alpha-amylases. Under certain special 
conditions, the oat starch is converted 
into products called amylodextrins, 
which go into a solution along with the 
beta-glucan to yield a white gel that 
has no noticeable cereal flavor or grit- 
tiness, and supplies the smoothness es- 
sential to frozen desserts. 

Also at the ACS meeting, Dr. James 
Anderson of the Veteran's Administra- 
tion Medical Center in Lexington, Ky., 
explained that beta-glucan might op- 
erate to lower cholesterol by one or a 
combination of two mechanisms: 

1) Beta-glucan may trap bile acids, 
the building blocks of cholesterol, and 
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This Blackbird’s retirement flight ends with a record-breaking run to 


cause them to be flushed out of the di- 
gestive tract. 

2) Beta-glucan is broken down to 
short-train fatty acids in the large in- 
testine and transported to the blood- 
stream. An excess of short-train fatty 
acids may decrease the liver’s ability 
to produce cholesterol. 


New mouse is good mouse 


Dr. Gerhard Storch and his colleague 
Otfried Lütt of the Research Institute 
Senckenberg in Frankfurt, West Ger- 
many, have created a sensation among 
their fellow naturalists by reporting, 
in the “Zeitschrift für Saügetierkunde" 
(Journal of Mammal Science), their 
discovery of an absolutely new and un- 
known species of mouse. It is the Al- 
pine wood mouse, Apodemus alpicola. 
The co-discoverers reported that an 
essential element in recognizing the 
creature as a separate species was that 
it was found cohabiting in the same 
location as the yellow-necked mouse. 
Just thought you'd like to know. 


Sea-floor seismometer 


For the next eight years, newly de- 
signed seismic monitoring equipment 
will patrol off the Southern California 
coast, gathering data that will help 
build earthquake-resistant offshore oil 
platforms. 

The Seafloor Earthquake Measure- 
ment System, or SEMS, is diagrammed 
at right. A self-contained measuring 
unit receives and stores information 
from the sea floor using a probe, a 
microprocessor, and power from a bat- 
tery pack. Then it transmits the data 
to a receiver aboard a surface vessel 
using an acoustic telemetry link. 

The present version, SEMS III, is 50 
times more powerful than its predeces- 
sors. Its improved seismic sensor, de- 


» 


Dulles Airport near Washington, D.C. 


signed at Sandia National Laborato- 
ries, should pick up an average of five 
Southern California quakes per year 
with Richter-scale magnitudes of 3.0 
or higher, says project leader Gerard 
Sleefe of Sandia’s Advanced Technol- 
ogy Division. 

“We had been dealing with a system 
that might get one or two earthquakes 
during its lifetime,” says Sleefe. “That 
made for a costly system with a long- 
time turnaround in evaluating the 
response of offshore platforms to 
earthquakes.” 

The eventual goal of the SEMS pro- 
gram, established in 1977, is to com- 
bine its results with land- and plat- 
form-based seismic sensors to give 
researchers a more complete picture 
of the behavior of offshore structures 
during quakes. Earlier versions of 
SEMS have indicated that seabed soils 
behave differently from dry land dur- 
ing a quake. Dry land shakes roughly 
equally in vertical and horizontal di- 
rections; the sea floor shakes prima- 
rily in a horizontal direction. 


Blaze of glory for Blackbird 


The plane whose sinister shape seemed 
the embodiment of the black art of spy 
craft has exited the world stage in a 
manner befitting its legendary and still 
secret service. 

The Lockheed SR-71, better known as 
the Blackbird, blasted its way into avi- 
ation history by setting a coast-to-coast 
speed record for a transcontinental 
crossing. On March 6 it took off from 
a Mojave Desert airfield in California, 
was refueled over the Pacific, and then 
hurtled eastward. Just 68 minutes and 
17 seconds later, it dove to 200 feet 
above the runway at Dulles Interna- 
tional Airport outside Washington, D.C. 

The new record humbled the previ- 
ous one of 3 hours 38 minutes, set by 
an American Airlines Boeing 707 on 
a commercial flight from Los Angeles 
to New York in 1963. Its average speed 
was 680.9 mph. The Blackbird, the 
fastest and highest-flying production 
aircraft ever built, averaged 2,112.52 
mph. 
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After 25 years of classified reconnais- 
sance missions for the Air Force, all 
these Mach 8 aircraft will retire from 
active duty, replaced by super-secret 
satellites. The record-setting Black- 
bird, SR-71 No. 972, will perch in a 
Dulles Airport wing of the Smithson- 
ian Institution’s National Air and 
Space Museum. Eight other Blackbirds 
will be donated to museums, three will 
be used by NASA for research, and 
three will be mothballed at their home 
base in Palmdale, Calif. 

Ben Rich, who helped design the 
Blackbird at Lockheed’s famous 
“skunk works” in Burbank, Calif., 
echoed the ubiquitous calls of “bye-bye 
blackbird.” “I cannot honestly say,” he 
said, “that this is a happy day for me.” 


Manipulating atoms 


“One day we hope to reach the point 
where it is possible to manipulate in- 
dividual atoms... .” 

I used that statement, made by Stan- 
ford University physicist Calvin Quate 
in 1986, at the close of my article 
“Seeing Atoms” [April '89] on the scan- 
ning tunneling microscope, or STM, 
and its offspring. 

The prediction has now come to pass 
—brilliantly. You can see the result in 
these STM pictures from IBM. 

The larger picture shows the first 
man-made atomic cluster built one 
atom at a time—a chain of seven xenon 
atoms bound together. As reproduced 
here, the magnification is 22.2 million 
times. The xenon atoms are repre- 
sented by the peaks. They are spaced 
20 billionths of an inch apart and are 
just 6.4 billionths of an inch high. (The 
vertical scale is greatly exaggerated in 
this image.) The atoms were moved and 
imaged by IBM physicists Donald M. 
Eigler and Erhard K. Schweizer. 

The smaller picture, at a magnifi- 
cation of 5.4 million times, shows an 
earlier triumph: the first successful at- 
tempt to move atoms into a recogniza- 
ble pattern. Unsurprisingly, the pat- 
tern chosen first was "IBM," made up 
of xenon atoms. The overall length of 
the "IBM" is 600 billionths of an inch. 

This remarkable achievement is the 
outcome of Eigler's wish to understand 
how atoms and molecules react with 
surfaces. In the process, he designed 
and built an STM capable of operating 
with unusual sensitivity and precision. 
Originally invented by two physicists 
at IBM’s Zurich Research Laboratory 
(and for which they received a Nobel 
Prize), the STM can image individual 
atoms on a metal or semiconductor sur- 
face by scanning the tip of an extreme- 
ly fine needle over the surface at a 


height of a bare few atomic diameters. 
Eigler and Schweizer discovered that 
if they moved the tip slightly closer to 
a xenon atom on the surface, they could 
drag the atom parallel to the surface. 
To fix the atom in a new position, they 
could simply raise the tip. 

To accomplish this feat of legerde- 
main, the microscope must be kept in 
an ultrahigh vacuum and chilled with 
liquid helium to a temperature four de- 
grees Kelvin above absolute zero. It 
must also be isolated from sound vi- 
brations as feeble as a person's voice, 
and from heat sources as tepid as a hu- 
man body. With these precautions, 
Eigler’s STM can resolve vertical 
changes in an atom’s apparent shape 
as small as eight trillionths of an inch, 
about 100 times smaller than an atom. 

This achievement has fathomless 
implications. Among the wealth of po- 
tential applications: assembling cus- 
tom-tailored molecules atom by atom; 
making crucial changes in individual 
molecules—to create new drugs, for ex- 
ample; making ultra-small electrical 
circuits far smaller than now possible; 
storing data on an atomic scale at den- 
sities more than a million times great- 
er than achievable today; and even dup- 
licating structures atom by atom, a 
possibility that should give every old- 
time science-fiction writer goose bumps. 

“For decades,” Eigler says, “the elec- 
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Xenon atoms are 
bound in the first man- 
made atomic cluster 
(top) and made to 
spell out “IBM.” 


tronics industry has been facing the 
challenge of how to build smaller and 
smaller structures.” Now, he says, the 
challenge will be to build those struc- 
tures an atom at a time. 


Another flash from Germany 


Are you a Type A personality? Need 
to know the time, all the time, and to 
the split second? Do I have something 
for you. It’s a true radio-controlled 
wristwatch. Not for calling Dick Tracy, 
but for receiving long-wave radio sig- 
nals that emanate from the atomic 
clock at the Federal Institute for Phys- 
ics and Technology in Braunschweig. 
The time signals are transmitted by a 
special antenna near Frankfurt and 
can be picked up anywhere within a 
range of about 1,000 miles. The watch, 
called the MEGA 1 and marketed by 
Junghans Uhren GmbH in Schram- 
berg, picks up the signals with a flex- 
ible, highly sensitive aerial embedded 
in its leather strap. And a micropro- 
cessor keys the latest time signal into 
a memory so the watch doesn't lose the 
correct time when it leaves the trans- 
mission range. 

Oh, I forgot to tell you how accurate 
this system is. The maximum error is 
one second in a million years. 

When they say punkt, they mean 
punkt. Ge) 
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There's nothing like having your own 
unlimited supply of water! I'd like to 
show you how you can get it yourself -- by 
drilling on your property with the amazing 
Hydra-Drill. You can probably finish the 
well in just one weekend, and install the 
pump and tank the next one. 


Save Money! 

Let me send you absolutely FREE a complete 
information package full of pictures, descriptions, and 
prices of the equipment. There's even a fully-illustrated 
booklet called "How To Drill Your Own Water 
Well", and a recording of a half-dozen folks just like 
yourself from all over the country who have drilled 
their own wells and saved a lot of money! 


Expert Help Available 

You'll also find out about our Toll-Free Consult- 
ing Service. It's a DeepRock exclusive! If you have a 
question while you are actually drilling the well, you 
call a special number to talk with a drilling consultant 
for on-the-spot tips. 

Then, when you've finished the well, we can help 
you select exactly the pump and tank you need, and 
show you how to install it. In fact, if you have a video 
tape player, a complete instruction tape will answer 
most all your questions. And the tape comes free with 
your pump. Anything else you need -- call the toll-free 
number! 


Homeowners! Gardeners! 


Say Goodbye 
to Expensive 
Water Bills 


--with Your Own 
Easy-to-Install 
amd Well System* 


i 


Remember the Drought? 
Need water for your lawn and garden when the city 
says NO WATERING? Tired of paying twice for 
your city water -- once for the water itself, and then 
again for the sewer charge? 


Be Water Independent with 
your own water well system 
you install yourself! 


BE Yee 
| NIS 
| | 


Q 
Yours FREE: 
Æ 33 rpm record 
*k Complete info & prices 
FOR FREE INFORMATION PACKAGE 
Ce 
"FACTORY DIRECT o 
7223 Anderson Road 
Opelika, AL 36803-0001 
FREE INFORMATION PACKAGE including the 
booklet, record and prices. 
O Also, send information and prices on your well pumps 


* "How To..." booklet 
can Toll- 307 7769 
O YES! | may want to drill on my property. Rush the 
and tanks. No obligation! 
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Automotive 


Newsfront - 


By DAN McCOSH Detroit Editor with Dennis Normile in Japan and David Scott in London 


Ford of Europe is thinking small, as 
demonstrated by the Zig and Zag, a 
pair of concept micro-cars from its Ghia 
design studios in Turin, Italy. The di- 
minutive pair, a roadster and a multi- 
purpose utility vehicle, have been built 
on a shortened (88-inch wheelbase) ver- 
sion of the front-drive Fiesta platform. 
With an overall length of less than 12 
feet, they are just the sort of urban 
scooters that would make perfect 
homes for high-efficiency two-stroke 
engines. In their present form, though, 
they are powered by European-spec Fi- 
esta engines. 


Looking more like a child's toys, Zig (left) and Zag are Ford of 
Europe's vision of tomorrow's micro-cars. 


Zig, the sporty two-seater in metal- 
lic black (foreground of photo), is seen 
as a modern interpretation of the clas- 
sic British roadsters of the 1950s and 
'60s. It has full-size alloy wheels shod 
with low-profile, low-rolling resistance 
tires. They're positioned out at the body 
corners for minimal overhang, making 
the car an unusually compact package, 
which should help in zigging and zag- 
ging through congested urban traffic. 
The steeply raked windshield is inte- 
grated into the engine hood, which flips 
up as a whole unit. Access to the rear 
luggage compartment is through a 
roller-type door behind the cockpit. 

Zag, in brilliant white, is seen by its 


RUSSELL VON SAUERS 


General Electric's Light Engine incorporates the automobile's many light- 


ing functions into a centralized unit. 


designers as the first of a new genera- 
tion of micro-vans. With removable 
rear seats and a front passenger seat 
that slides fully forward, load space has 
been maximized. A horizontally split 
tailgate wraps around the rear quar- 
ters to ease loading, and a retractable- 
roof mounting system simplifies trans- 
port of large sports equipment outside 
the cabin. 

To ease design and assembly, Zig and 
Zag are built with common door and 
lower body panels. Both cars also share 
a headlight system that replaces halo- 
gen units with fiber-optic light cables 
that convey light to the front of the 
car. These light pipes terminate at 
fingernail-size lenses molded into a slot 
above the front bumper. Ford sees such 
sub-Fiesta cars as a natural downward 
extension of its range. Because of their 
modular construction, an entire fam- 
ily of micro-vehicles (including pickup 
trucks and sedans) could be built pri- 
marily with off-the-shelf components. 


One car, one bulb 


Today’s cars are a lot like Christmas 
trees, with as many as 80 distinct light- 
ing sources on board to illuminate the 
road, the instrument panel, and a mul- 
titude of safety signals. Because the 
light output from each one of those 
bulbs must be matched to its individ- 
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Thompson’ proves that 
oil and water not only mix, 
but make a better stain. 


Few things 
increase the beauty 
and value of your 
house like a fresh 
coat of stain. Trou- 
ble is most stains 
are either oil-base 
or acrylic and leave 
something to be 
desired. The oil- 


"rg nr TE su 


it bonds to the sur- 
face fortifying it 
and protecting 
against chalking 
and fading. All the 
while Thompson’s” 
Water Seal" works 
to protect against 
the ravages of 
water and weather. 


base stains pene- 
trate well but tend to chalk and 
fade. Acrylic stains are more 
colorful but tend to chip and 
flake. But now there's a stain 
that gives you 


Water ~, the advantages 
pcd of both with- 
out the disad- 


Thompson's* 
Water Seal* 
Stain. 


Our unique formula gives 
your home beauty that's 
more than skin deep. 


Thompson’s Stain has a formula 
sounique it's been granted a 
patent by the U.S. Patent 
Office. It provides the deep pen- 
etrating color of an oil-base 


stain with the durable surface 
protection of an acrylic stain. 
Then we add the waterproofing 
power of Thompson's" Water 
Seal? The result is a stain that 
gives your home beautiful, 
long-lasting color and 
protection. 


Long lasting beauty. 
Long lasting protection. 


As you apply Thompson's Stain 
(Diagram 1), it penetrates 


to anchor the color throughout 
the wood and protect against 
chipping and flaking. 

At the same time (Diagram 2) 


Tests prove Thompson's is an 
extraordinary exterior stain. 


To prove how well Thompson’s 
works, we 

| had an inde- 
pendent lab 
conduct 
extensive 
tests. 

The results: outstanding overall 
protection against fading, 
chalking, cracking; and supe- 
rior waterproofing. 

To get more information, 

call 1-800-367-6297. And 

to give your <r 
home a freshly ¢ f e Sealy? 


stained look . Stain 
that lasts, get 


Thompson's* 
Water Seal* 
Stain. 


Fading and cracking 
without Thompsons! 


* 1990 Thompson & Formby Inc. 


CAN DO IT WITH 


23-Pc. Socket Set 8-Pc. Flexible %-In. Cordless Battery Starter/ #12 Auto Refrig- 
in metric sizes. % Socket Set is %-in. Power Wrench with Charger with a erant. 544270 


d %-in. drive. 120 x 50- Auto Air Condi- 
drve.ssm DADO — os MAMO oe” 39.99 — 2x 9.90 tioner Kit, 2 
puma] Ens 


2-Ton Hydraulic Auto Ramps are 1- A) Trailer Ball. 2.000 Power Plus™ Halogen Headlamps with 
Bottle Jack with pc. steel for up to Ibs. 473884 2.99 whiter and brighter light for your car! Pair. 

2-pc. lift 6,500 Ibs. B) 3,500 Lb. . 3.99 Round High or Low-Beam. 21299/283028 5.88 
handle. ‘s 0.09 Pair 402487 17.99 C) Coupler. . 19.99 Rectangular High or Low. 210096/292045 6.88 


Not available at all stores 


[bondo] 
Body Filler 


pod 


Yo-In. Impact Body Filler fixes 
Wrench has power dents, scratches, 


Sew 99.99 2.2.99 


HARDWARE STORES 


Charge it at participating stores For your nearest participating True Value, call 


COTTER & COMPANY, General Office, Chicago, IL 60614. 100% member-owned distributor serving over 6/000 True Value Hardware Members who own their own stores, set their own prices and reserve the right to limit quantities. 


turtle wax 


Engine Brite” Concentrated All- Bag of Rags has Super Hard Shell” Car Wax lasts up to 12 


Heavy-Duty Engine Purpose Cleaner. 1 Ib.! 267351 1.29 months! With easy on, easy off formula. Choose 
Cleaner. Strong! 16 Shop Towels. Handy 16-fl. oz. liquid or 9.5-oz. net wt. 2 7 
16 oz. 363705 149 OZ. 599936 2.99 4-pk. Red. sz:24s 1.49 paste. 363291/538827 r 9 


ET 


MOTOR on, 


Blue Poly" Sealant. Protectant for rub- 4-Sq. Ft. Leather Brake or Power All-Season Motor 
Choose liquid or ber, plastic, and vinyl! Chamois is velvety Steering Fluid. Oil Choose 10W30, 
paste. 301309/ 8-oz. spray. soft! 206953 9.99 299.464/292920 10W40. Qt. 

348078 6.99 353995 2.49 1%2-Sq. Ft. ..3.99 Your choice 99* MMI0W30/40 89* 


puoriytatc 


Carb & Choke Grease Gun. Du- Heavy-Duty Hand 2'5-Gal. Plastic Instant Spare seals 
Cleaner. 5:5 1.69 rable. 62822 . 5.99 Cleaner with lanolin, Gas Can is strong and inflates flat tires 
Xtra" Fuel Injector Grease in the 14-oz. inthe 18-oz. poly. With easily! 12 oz. ic 
Cleaner. 2.77 tube. 599577 69c Can.  3e:so6 149 spout. 197434 2.99 385351 99 


nite 


Fits most cars 
Park & Cool™ Fan Deluxe Nylon Car Hardshell Cartop Deluxe Auto Sun Whistler* 425 
is the solar-powered Cover. One size fits Carrier measures Shade blocks out Radar Detector. 


27 1988 5. 29.99 69.99 "2.99  .—- 89.99 


pire July 15. 1990. 
higher in Alaska and Hawaii. Prices ex 
prices are subject 1o change wihout alice and may be higher 1n Mt 
shown and prices may vary. Pr 
icies, some may not stock all tems 


Because participating stores vary in size and merchandising pol 


How much are luxury-car buyers willing to 
spend for a four-cylinder compact sedan? 
Nissan's Infiniti division will test those waters 
with a new car unveiled at the New York auto 
show, Called the G20, this four-door comes 
equipped with air conditioning, anti-lock 
brakes, and a long list of power accessories. 
An automatic transmission, a power sun roof, 
leather upholstery, a CD player, and a cellu- 
lar telephone are the only options available. 

By using what car designers are calling a 
"cab-forward'' body layout, the G20 has the 


enviable combination of a roomy interior and 
tight exterior dimensions. Passenger volume 
is just below that of the 1990 Honda Accord 
four-door, even though the G20 is 10 inches 
shorter in length. Its front suspension is the 
four-link design shared by the Nissan 300ZX 
and Infiniti Q45 [‘‘Two-seat Heat,” Sept. 
'89]. The rear suspension is a simpler three- 
link (plus strut) independent design. 

While prices have not yet been announced, 
Infiniti officials say the G20's base price will 
be under $20,000.—Don Sherman 


ual task, an interior dome light, for 
example, can't possibly use the same 
source of illumination as the headlight 
system. 

Now General Electric Co. has en- 
gineered a way to do just that, safely 
and economically. The Light Engine 
central lighting system (see diagram 


.on page 32) consolidates all of the car's 


illumination functions, replacing them 
with a single compact source. Octopus- 
like tentacles reach to all corners of 
the car, delivering the light to where 
it is needed. Not only does this system 
consume less power than the assort- 
ment of bulbs currently used, it also 
uses a bulb that GE says lasts six 
times longer than today's best halogen 
headlight. 

The system is based on a star-shaped 
arc discharge bulb that supplies light 
to a series of fiber-optic light pipes that 
transmit the illumination. The proper 
routing of the light beam, and possi- 
bly even its color, is controlled by a de- 
vice that acts as an on-off switch, en- 
suring that the light is delivered to 
the correct branch of the system. For 
example, when the brake pedal is 
pressed, the light valve corresponding 
to the brake light's fiber-optic cable 


C ~ 


MY OTHER TRUCK 


IS A MAZDA. 


would be activated, transmitting en- 
ergy through the network to the out- 
put. Other lighting outputs in the sys- 
tem include turn-signal lights, the 
cabin’s dome light and instrument 
panel, and the headlights. 

But GE engineers say their central- 
ized light system would have the most 
startling impact on the headlights. 
Without the constraints imposed by 
traditional rectangular headlamps, 
stylists would be free to consider novel 
body shapes and contours, and even in- 
tegrate the headlights, parking lights, 
and turn signals into a single horizon- 
tal bar mounted just above the bumper 
(“High-intensity Headlights,” May]. 

While the prospects for this central- 
ized lighting scheme are in the future, 
high-intensity lamps are up and run- 
ning now in headlight applications. I 
recently drove a prototype Buick Reatta 
equipped with GTE high-intensity dis- 
charge lamps that replaced the conven- 
tional pop-ups with a narrow band of 
light across the front of the car—two 
headlamps and two driving lights. The 
effect on road signs was dramatic as 
certain colors picked up the high ul- 
traviolet content of the light and 
glowed far beyond the headlight beams. 


Chrysler chief engineer and vice president 
Francois Castaing takes the first Viper proto- 
type for a test drive. In its evolution from 
show car to prototype road car, the Viper has 
not only lost its side exhaust pipes, but has 
traded its V10 for a 5.9-liter Dodge truck V8 


3M Corp. reportedly is working on a 
special highway paint to take advan- 
tage of the effect. 

The interest in new high-intensity 
discharge lighting systems for automo- 
biles is partially hobbled by current 
lighting standards that limit total light 
output in the interest of preventing the 


and a six-speed manual transmission. Mean- 
while, Chrysler chairman Lee lacocca says 
there is a 75 percent chance the company 
will build the sexy two-seater. The first of an 
estimated 10,000 Vipers could be on the 
road by early 1992.—B. N. 


glare from blinding oncoming drivers. 
But I noticed little protest from oncom- 
ing drivers, despite leaving on the 
high-aimed driving lights. From the 
front, the narrow reflectors made pos- 
sible by the new arc lamps seem to pro- 
duce less glare, even when aimed high. 

According to Tom Willis, GE's gen- 


How would it feel attacking dry washes, 
instead of merely surviving them? To literally 
plow through mud pits, rather than circle them? 
It would feel like a new Mazda 4x4 Truck. 

You'd feel the brute strength of a 26-liter 


engine. The stopping power of a 
rear Anti-lock 
Brake System. 
And the 


protection of a 


36-month/50000-mile *bumper-to-bumper" 


warranty" The best basic warranty in the truck 


Such as cut-pile 


carpeting and a rear 


business. In short, you'd feel in total command. 
Now introducing the Mazda Value Pack. 


"Twelve extra features at no extra charge. 


VAIUEPAEK 


bumper. Plus, cash back for a total 


savings of up to $1779 
from Mazda, depend- 
ing on the model you 


choose** So head to your 


Mazda dealer for the toughest off-road vehicle 


you can drive, without going through boot camp. 


Ir JUST FEELS RIGHT? 


Vehicle shown is SE-5 4x4. *See your Mazda Dealer for limited warranty details. **5800 cash back on 4x4s or 1000 cash back on 4x2s, plus SE5 option package ($479 value) or LE-5 option package 


(779 value) all from Mazda at no extra charge. Offer ends soon. See dealer for details. © 1990 Mazda Motor of America, Inc. 


ENVIRONMENTAL 
RELEAF 


104+ Octane Boost has become 
a National Partner in Global ReLeaf, 
à conservation program of the 
American Forestry Association. 

Now, each time you buy a quality 
Octane Boost product we'll make a 
donation to help Global ReLeaf plant 
trees. Through your purchase you'll 
join our fight for cleaner air. 

So, plant this idea in the back of 
your mind. If you care about 
protecting the air you breathe and 
the car you drive, take a look at 
bu nd pecca diei 
you — and our = e 
long 


Call 1-900-420-4545 and find out more about 
- re Pe ees call is Tae call 

s for planting a tree and supports eLeaf 
AO RARE tee CUR. Mention cant BOO 
and you'll receive a FREE GIFT. 


SS 


OCTANE BOOST CORPORATION 


Box 271148 Dallas, Texas 75227 
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The Bosch self-cleaning headlight system senses dirt accumulation, washing the lens automatically. 


eral manager for worldwide automo- 
tive lighting, the possibilities for cen- 
tralized lighting layouts are seemingly 
endless. “This is a built-in system that 
eliminates the need for many of the 
systems car manufacturers have been 
using since day one,” says Willis. “It 
will mean a whole new way of think- 
ing in car designs.” 


Toyota's new wings 


Toyota has just introduced what it says 
is the first mass-produced Japanese car 
with gull-wing doors. The Sera sporty 
compact first appeared as the AXV-II 
concept car at the 1987 Tokyo auto 
show, and is aimed at young Japanese 
city dwellers in search of automotive 
self-expression. 

The Sera's designers had the goal of 


The gull-wing Sera is Toyota’: 


s first attempt at a full-glass greenhouse. The doors pivot to open. 
m 


creating a completely glass cabin, but 
had to settle for a central T-bar steel 
roof support with the door's windows 
sloping off to either side. An all-glass 
hatchback covers the rear. Rather than 
astraight-up-and-down gull-wing door 
as used on the classic Mercedes-Benz 
300SL, Toyota engineers opted for a 
pivoting arrangement. Each door has 
two hinges: one above the windshield 
near the roof's center, the other just 
below the windshield pillar, allowing 
the door to swing up and out. The 
greatest benefit appears to be easing 
access in a parking lot: The fully 
opened door projects only about 17 
inches from the body. 

Getting in and out of the Sera is a 
bit easier than a similar-size car with 
conventional doors, although you have 
to be careful not to bang your head on 


the horizontal part of the door. It is also 
a little surprising to have to swing the 
door up to open it. A single damper/ 
strut, similar to those used on hatch- 
backs, eases lifting and holds the door 
open. A second piston inside the door 
compensates for temperature changes 
so that the force required to open the 
door remains constant. 

Toyota engineers saw two potential 
problems en route to bringing this de- 
sign to showrooms. They considered the 
likelihood of rain or snow falling on 
the seat when the doors are open, but 
believe the seats are no more exposed 
than a car with conventional doors. The 
other worry: getting out of the car fol- 
lowing a rollover crash. If the car lands 
on its roof, passengers will have to es- 
cape by climbing out the windows, ac- 
cording to Toyota. 

The car comes equipped with power 
steering, power windows, and air con- 
ditioning, and is powered by a 1.5-liter 
four-cylinder engine that generates 
110 horsepower. For those inevitable 
summer days when the sun is unbear- 
able, molded panels snap into the glass 
roof to shade riders. 


Der Schmutz Sensor 


Here's one more innovation that will 
forward the cause of nighttime driv- 
ing safety: German automotive com- 
ponents manufacturer Robert Bosch 
GmbH has come up with an automatic 
headlight washer that keeps the beams 
at full illumination. 

A study by Bosch shows that most 
drivers don't notice the gradual dim- 
ming of the headlights as dirt builds 
up on the headlight lens until road il- 
lumination drops to half-strength. To 
overcome this human failing, Bosch 
bonds a tiny dirt detector— sonorously 
called a “schmutz sensor” by Bosch 
engineers—to the inside of one head- 
light lens. 

The device transmits infrared radi- 
ation that is scattered and reflected by 
dirt on the lens back to an optical sen- 
sor. When the electronic control unit 
determines that too much goop has ac- 
cumulated on the headlight, the wash- 
er/wiper is activated for a timed pe- 
riod, or the driver can switch to a 
warning-signal light for manual oper- 
ation. The system is designed to avoid 
excessive water consumption by fix- 
ing a minimum interval between wash- 
es. An ambient light sensor turns it 
off during the day. For nighttime driv- 
ing, the auto-washer is not tricked in- 
to operation by street lamps or ap- 
proaching headlights because the dirt 
sensor responds only to its own infra- 
red beam. 


DUAL-ACTING OIL FILTER 


To get the most from engine 
oil, it must remain pure lubri- 
cant, free of contaminants. 
Now Mitsubishi Oil Co. (the 
Delaware-based subsidiary of 


the Japanese industrial conglo- f 


merate) has developed a new | 
filter design that removes air 
and gas bubbles from oil as 
well as solid particles, improv- 
ing the efficiency of the lubri- 
cation system. The Vortoron 
filter separates solid contami- 
nants from the oil stream with 
conventional filter paper on the 
outer radius of the filter case. 
From there the clean but still a | 
aerated oil is routed through GAS- 
what Mitsubishi designers call 
a vortex flow chamber, where | oiL 
the bubbles are taken out of | 


FILTER CASE—-— 


ENRICHED [cmm 


FILTER. 
ELEMENT 


VORTEX 
CHAMBER 
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the stream by centrifugal force. 
The filtered and degassed lubricant goes to 
the engine, while the remaining bubble- 
enriched oil is returned to the oil pan and 
eventually recirculated into the lubricant flow, 
Mitsubishi says the vortex chamber removes 
up to 80 percent of the gas bubbles formed 
by the agitation inside the engine, with the 


only penalty being a slight pressure drop. At 
present, Mitsubishi is targeting this novel 
device for use in hydraulic systems, power 
turbines, and chemical processes that are 
especially sensitive to bubbles. A dual-act- 
ing automotive oil filter is on the way as 
well, 
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But not expensive. 
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Fenders from a waterbed 


The high-speed sheet-metal presses 
that churn out hundreds of millions of 
parts every year are the heart of mod- 
ern mass production. They work like 
giant cookie cutters, and the basic de- 
sign of the machines hasn't changed 
significantly for a hundred years. Now 
Toyota is experimenting with a method 
of metal forming that uses a solid die 
for the upper surface, while liquid in 
a confined vessel acts as the lower die. 


It's a method that has been used in ex- 
perimental runs for small parts; Toyota 
claims it is the first to use it for large- 
scale auto parts. The trimming of ex- 
cess material is done by a carbon diox- 
ide laser, further speeding the process. 


Impad's go-ahead 


To drive home the point that General 
Motors is serious about producing an 
electric car, chairman Roger Smith ar- 
rived at Washington's National Press 


THE CLASSIC PROJECT 


Why build your own Classic 
Roadster? Because it's a fun and 
rewarding project. Thousands of 
people, just like you, have built and 
are now driving their 
own Classic Roadster. 
Our kits are engineered 
for easy assembly and 
years of durability. 
And, our quality is 
guaranteed. 


A Great 
Family Project! 


FREE Videotape! 


(Limited Time Offer) 


“Whether you're looking for a factory 


built roadster or want 
to build your own from 
a first-class kit, Classic 
Roadsters is the way 
to go." 
— The Editors, 
Kit Car World 


Also available: Jaguar, 
MG and 4-passenger 


‘THE MARLENE, ,36 Mercedes 500K reproduction Mercedes reproductions. 


Classic Roadsters is the only Kit Car Company to offer Bank Financing. 


With our exclusive financing it's now easier than ever to build your own Classic Roadster. Call today for details. 


Call Today for 
FREE Videotape and 
Color Brochures: 


1-800-444-4446 sss 


Canadians call 1-800-437-4342 


For International Export (701) 293-8866 

Yes! Please send me the following Name ud 
C Easy-To-Assemble Kit [C Custom Built c= |] 
| A) C FREE Video & Color Brochure Phone (day) l 

B) O ($5.00) 16 pg. Product Catalogue, plus 24 pgs. of E 

company, component & pricing information Phone (eve) ( ) I 
| © C1 (82.00) Business Opportunities Report E I 
Classic Roadsters, Ltd. City State Tip l 
1617 Main Ave. l 
Fargo, ND 58103. — $9 XE cas Seal) 
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Club behind the wheel of a prototype 
Impact [“ANF,” April] electric sports 
car. Once inside he gave engineers 
working on the project the go-ahead 
for production. Smith emphasized that 
many questions remain as to engineer- 
ing details, price, and release date, but 
the world’s largest auto maker already 
appears interested in taking a leading 
role in electric-car technology. 

Skeptics were surprised by GM's ac- 
ceptance of relatively commonplace 
lead-acid battery technology, which 
seems to offer acceptable range and 
power although the service life of the 
batteries (roughly 1.5 years) makes bat- 
tery replacement the biggest operat- 
ing cost. However, there is ample 
production capacity in place to manu- 
facture lead-acid cells, unlike experi- 
mental and more-exotic alternatives. 
In fact, GM plans to use non-gassing 
recombinant batteries that are rela- 
tively compact and use a matte elec- 
trolyte that prevents leakage if the case 
is punctured. A 50-percent recharge is 
expected in one hour. 

Even before Smith’s announcement 
had time to sink in, GM’s Japanese 
affiliate, Isuzu, announced a battery 
advance that has both a high power 
density and a quick recharge—just the 
characteristics GM had been waiting 
for to make an electric car practical. 

Smith’s speech and approval for the 
project opens up many questions re- 
garding Impact. Among the pressing 


SKY-TOP 


C&C Inc. of Brighton, Mich., is reviving the 
principle of the fully retractable hardtop roof. 
Its Tresaire concept car goes about the job 
somewhat differently, though—the roof is 
completely glass, reinforced with a carbon 
fiber frame to reduce the weight of the 
assembly. 

The top, which C&C calls Skylite, retracts 
in steps. For ventilation, one end of the roof 
can be tilted up slightly, similar to a sun roof. 
The next stage (center photo) transforms the 
car into a targa top design, with the roof sec- 
tion acting as a kind of transparent spoiler, 
hugging the contour of the rear window. Fi- 
nally, the roof and rear window assembly can 
be fully retracted, flush with the rear deck, 
yielding the equivalent of a conventional 
convertible. 

One innovative feature of the car is a "vortex 
stabilizer” designed to minimize wind buffeting 
when the top is retracted. Air ducted from the 
cowl area is routed under the windshield and 
directed up the passenger compartment side 
of the glass to reduce the negative pressure 
area created when the car is moving. Calling 
the Skylite into action is not something re- 
stricted to the driveway; even at 65 mph, the 
convertible hardtop can be retracted at the 
push of a button, according to C&C. 


issues left unresolved are how the elec- 
tric vehicle would be treated under cor- 
porate average fuel economy (CAFE) 
regulations: as a user of no fuel, or the 
gasoline equivalent of its electrical 
usage. And, more to the point, whether 
any CAFE credits gained by Impact 
would be transferable to the GM line 
to offset larger gas guzzlers. Smith | 
reported that much progress has al- 
ready been made in engineering the 
production Impact, leading to a dozen 
patent applications so far. | 


the kinder, gentler flexible-fuel Volvo 
740 GL runs on M-85, a mix of 85 per- 
cent methanol and 15 percent gasoline 
[*Clean-air Fuels,” Jan.] 

* With an electrically heated cata- 
lytic converter, the cleanup of tailpipe 
emissions begins more quickly. This is 
important during the engine’s warm- 
up period: Volvo estimates that dur- 
ing a normal 20-minute drive, 80 to 
90 percent of the emissions are re- 
leased in the first two minutes. 

* Solvent-free undercoating and 


water-based paints reduce volatile or- 
ganic vapor emissions. 

* A prototype air conditioner uses 
HFC-134a, not ozone-depleting CFC-12, 
as its working fluid (see cover story); 
polyurethane-foam interior parts were 
also made without CFCs. 

But the biggest change evident in 
the Volvo Environmental Concept Car 
is the change in attitude of an auto 
maker— now aware that not only safe- 
ty sells: Being friendly to the planet 
doesn't hurt either. us 


The production version of the Impact 
is likely to be relatively expensive to 
own and operate, hence of limited in- 
terest unless made mandatory in cer- 
tain areas. Still, given the pressure to 
improve air quality in some high-smog 
cities, an electric car could become 
as popular as a two-place sports car 
—enough demand to make the project 
profitable. 


Kinder, gentler Volvo 


Volvo's display of the Environmental 
Concept Car at the Geneva auto show 
demonstrates that the major manufac- 
turers are starting to take notice of 
Europe's Green movement. While the 
Volvo 740 GL looks like any other, un- 
der close inspection it turns out to be 
a showcase of environmentally friendly 
automotive technology: 

* To reduce carbon monoxide and 
hydrocarbon emissions by 50 percent, 
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it's your freedom. 


Electronics Newsfront 


By DAWN STOVER with William J. Hawkins, Greg Pearson, and David Scott 


Work-station wars 


Mention a work station, and most office 
workers conjure up images of a tidy 
cubicle. But to an engineer or scien- 
tist, a work station is a type of com- 
puter—small enough to be used by an 
individual, but powerful enough for 
tasks such as animation and three- 
dimensional design. 

Until recently, personal computers 
generally couldn't compete with work 
stations for scientific uses. But as PCs 
become more powerful and work sta- 
tions less expensive, the two catego- 
ries are converging. 

Apple Computer recently unveiled 
its fastest Macintosh ever, a “personal 
computer" with the graphics capabili- 
ties of a work station (see photo). At 
$8,969 (not including a monitor), the 
Mac IIfx also rivals work stations in 
cost. 

On the same day, LSI Logic Corp. 
introduced a microchip set called the 
SparKit. The $1,327 kit enables manu- 
facturers to clone work stations made 
by Sun Microsystems of Mountain 
View, Calif., one of the biggest makers 
of these machines. Work stations have 
already shrunk in size to fit on desk- 
tops. With SparKit, their prices will 
shrink as well. 

Work stations use an operating sys- 
tem called Unix, while IBM PCs and 
their clones use DOS or OS/2. Now that 
companies such as Lotus Development 
Corp. have begun shipping Unix ver- 
sions of popular programs, the least ex- 
pensive work stations are beginning 
to invade the office market. 
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At the same time, higher-priced 
work stations are taking on the world’s 
largest computers. A few months ago, 
a researcher at Lawrence Livermore 
National Laboratories reported that 
the RISC/System 6000, the $42,705 
machine made by IBM, solved some 
scientific problems faster than an X/MP 
—one of the fastest supercomputers 
—made by Cray Research. 


Two hours on a postage stamp 


It’s not much bigger than a postage 
stamp—and a mere 0.2 inch thick 
—yet a cassette developed by Sony 
holds an incredible two hours of high- 
quality digital audio. The tiny size is 
made possible by a non-tracking tech- 
nology incorporated in a memo re- 
corder that Sony recently demon- 


SINGLE TRACK WITH DATA BLOCKS 
NON-TRACKING. 
PLAYBACK 
SYSTEM 
HEAD TRACKS 
RECORDED TRACKS 
MITCHELL J. ALBALA 
A standard cassette and loading mechanism (left) 


dwarf Sony's non-loading system (right). During 
playback, blocks of data on a tape (above) are 
memorized, then reassembled in the correct or- 
der and played. 
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TV ANSWER SIGNAL 


PROCESSING CENTER REPEATER STATION 


BROADCAST 
= STATION 


BOB LANGE 


ATV Answer box atop a television sends a viewer's response to a local repeater site, which passes 
it back to the signal processing center. From there, it's routed to the appropriate supplier. 


strated in Japan (see the drawing). 

Like a conventional digital audio 
tape (DAT) recorder, the memo re- 
corder uses a spinning head to record 
audio as digital data in tracks across 


the tape's surface. But the memo re- 
corder has an unconventional play- 
back method. 

The head on a conventional DAT ma- 
chine traces each track exactly as it 


was recorded. That requires an accur- 
ate—andbulky—tape-loading system. 
The non-tracking system isn't that 
fussy. During playback the head spins 
twice as fast as its recording speed, 
identifying pieces of tracks as they go 
by. Each piece—a block of data—is 
saved in memory. After an entire track 
has been identified, the coded blocks 
are reassembled in the correct order, 
converted to audio, and played. 

At present, the memo recorder's 
10,000- to 15,000-hertz frequency 
range limits its use to voice recording 
(conventional DAT machines are 
10,000 to 22,000 hertz), and it's not for 
sale. But with a higher bandwidth and 
larger memory, the non-tracking tech- 
nology could be applied to future DAT 
machines and even digital VCRs. 


Instant gratification 


Imagine being able to order a pizza, 
go shopping, or take courses from a far- 
away university without leaving your 
sofa. That's the goal of interactive tel- 
evision [^Do-It- Yourself TV,” Nov. '88]. 

Most interactive systems require a 
customer to make a phone call—or 
takeother inconvenient steps—to place 


Mfr. suggested retail price. 


15 mg "tar; 1.0 mg nicotine d per cigarette by FTC method. 


SURGEON GENERAL'S 


WARNING: Cigarette 
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an order. Not so with a system called 
TV Answer, which uses a hand-held re- 
mote to link viewers to merchandisers. 

A transmitter at the TV Answer sig- 
nal processing center sends a query: 
“Would you like to order the diamond 
ring just advertised?” The viewer 
pre a button on the remote unit, 
and the response is picked up by a box 
on top of his TV set (see drawing). 

With the possibility that thousands 
of viewers will punch their remotes at 
the same time, the system uses a tech- 
nique called slotted timing to sort the 
orders: Each box holds your order and 
waits to send it as a burst of data after 
receiving a trigger signal from the re- 
peater site. Because the data bursts are 
less than 50 microseconds long, the 
theoretical capacity of the system is 
772,000 responses per minute, accord- 
ing to TV Answer. 

The company, based in McLean, Va., 
is now testing i stem in 600 local 
homes. The major hurdle will be con- 
vincing the FCC that the system 
doesn’t interfere with channel 13, 
which occupies an adjacent frequency. 
The agency is expected to rule on the 
matter this summer. 

Meanwhile, New York-based ACTV 


I 


Ground Speed 424 mph 


An Airshow map displays a Qantas route from Los Angeles to New York. Computer-generated 
graphics on cabin movie screens may include ground speed and other flight information (see text). 


Inc. is testing an experimental inter- | 


active system in 300 Springfield, Ma: 
homes. ACTV viewers can do more 
than simply respond to questions: They 
can also change the content of programs 


—choosing camera angles during a 
sporting event, for example. Like TV 
Answer, ACTV works with a remote 
control—it sends signals to a convert- 
er in the cable box. The cable compa- 


— 
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ny simultaneously transmits all of 
the programming options that are 
available, so there’s noneed for two-way 
communication. 


Flight information 

The map of southeast England pro- 
jected on the movie screen came to life 
as the Qantas 747 roared down the run- 
way at Heathrow Airport. I watched 


as an aircraft symbol crawled over the 
yellow land and crossed the blue Eng- 


lish Channel, trailing a red flight-path 
line. High over Europe, a text display 
appeared: Ground Speed 570 mph, Al- 
titude 29,000 feet, Outside Air Tem- 
perature minus 40 degrees, Distance 
from Departure 155 miles, Time to Des- 
tination 13:35 hours. 

Hours later, I glanced up and saw 
we were over the Caspian Sea, where 
we looped around the Iranian border 
to avoid hostile airspace. A map show- 
ing our cross-continental route alter- 
nated with smaller ones giving more 


Unit now, high performance radar detection 
required a messy power cord. Plugged into your 
car's lighter. Dangling across your dashboard. 
And tangling in your pocket. 
Finally, there is a better way 
No power cord 
Solo is a totally new concept in long-range 
radar detection. All you do is clip Solo to your visor 
or windshield, and switch it on. 
You'll never need a power cord with Solo. And 
it's only 4” x 24" x 43" — just Siz ounces. 
How it works 
After years of research, our engineers developed 
circuitry fifty times more efficient than con- 
ventional detectors. This design lets Solo provide 
200 hours of radar protection on a single 


9 volt battery. 
If you drive one 
hour a day, you won't 


need to replace Solo's 

battery for over six 

months. 

The experts agree 
AutoWeek called 

Solo “the most user- 
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Introducing self-powered SOLO 


“No other radar detector manufacturer has anything even close.” 


Call toll-free 1-800-543-1608 


BAW Roundel 
With Solo. you get long-range radar warning 
with no hassles. And Solo maintains all of its 


performance over its entire battery life. 

When it's finally time to replace the battery. 
Solo will tell you five hours in advance. Then 
just drop in another battery for 200 more hours. 
Solo costs less than three cents per hour of use. 

Experience the freedom 

You'll slip Solo into its leather case and 
carry it in your pocket. In your car, just clip 
Solo to your visor and switch it on. It's so easy. 
you ll never go without radar protection again. 

We GUARANTEE your satisfaction 

Solo comes complete with our Digital Key 
anti-theft system, all accessories, two batteries, 
and a one year limited warranty. 

Here's our offer. Try 
Solo. If for any reason 
you re not completely 
satisfied, just return Solo 
within 30 days. We'll 
refund your money 
and even pay your 
return shipping cost. 
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at first beep.” > Department 401670 Order today. 
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details. After crossing the Himalayas 
and Burma, I watched the altitude 
reading drop on our descent into 
Bangkok. 

The cabin video system, Airshow, 
adds a new dimension to air travel, 
especially on long-haul flights like 
a non-stopper to Bangkok. The ani- 
mated graphics fill the screen between 
the three movies and do much to re- 
lieve boredom. 

“Hundreds of digitized maps cover- 
ing the entire world are stored in a 
computer," says Peter Shannon, sen- 
ior electronics engineer for Qantas. The 
computer receives information from 
theaircraft's navigation systems, calls 
up the appropriate map from its mem- 
ory bank, and displays it on the over- 
head projectors. “Maps are changed au- 
tomatically to match progress along 
the route," says Shannon. 

Eight airlines are using Airshow. 
“Our system is customized for each air- 
line," explains Richard Salter Jr., vice 
president of engineering at Asinc Inc., 
the Tustin, Calif., company that makes 
Airshow. “Special data bases can store 
over 2,000 points of interest—cities, 
mountain peaks, and other terrain 
features—then spot and name them on 
the close-up map displays. Passengers 
thus know what they're looking at out- 
side the window.” 


Slice and dice 


Scientists and engineers who use Mac- 
intosh II computers have a new tool 
for visualizing complicated data. De- 
veloped by Spyglass, Inc., of Cham- 
paign, Ill., a set of four programs con- 
verts data into color graphics (see 
photo). That gives scientists a "vivid, 
meaningful picture of what those rows 
and columns of numbers describe," says 
astrophysicist Brand Fortner, director 
of research and development for Spy- 
glass. 


Spyglass Dicer displays 3-D data as a color cube; 
users cut parts away fo reveal the data inside. 
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Foiling terrorists 

Vexed by the bombing of Pan Am 
Flight 103 over Lockerbie, Scotland, | 
the FAA has ruled that US. airlines | 
must install explosives-detection sys- | 
tems by 1994. 

Currently airlines screen passengers 
and carry-on luggage using X-ray ma- 
chines and metal detectors. FAA reg- 
ulations also require airlines to X- 
ray baggage on international flights. 
X-ray systems such as the Sycoscan de- 


tector, made by Schlumberger Indus- 
tries of France, provide detailed images 
of concealed weapons (photo). But the 


next generation of detectors will bom- | 


bard luggage with neutrons, not X-rays. 

Thermal-neutron activation (TNA) 
systems made by Science Applications 
International Corp. have already been 
installed at Miami International Air- 
port and New York’s Kennedy Inter- 
national Airport. Inside a 10-ton ma- 
chine, luggage strafed by low-energy 
neutrons emits gamma rays. The rays 


New Clean Air Formula” Man 0’ War" Water Repellent Sealer 
not only protects wood, stone and concrete—it also helps protect 


the environment. For your free "Guide To Using Clear 


i MicCloskey’ 


and the dealer nearest you, 
call 800-767-CLEAN. 
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Coatings" 


given off by nitrogen (used in all ex- 
plosives) are easy to detect, and a 
neural-network computer compares 
the emission patterns with profiles of 
known explosives [“Brain-style Com- 
puters," Feb. '89]. 

While no other system has yet proven 
more effective, TNA does have critics. 
Some airlines complain that TNA sys- 
tems are too expensive ($750,000 to $1 
million), too unreliable (wool, nylon, 
and silk sometimes contain enough ni- 
trogen to trigger false alarms), too slow, 
too bulky, and might not be able to de- 
tect small amounts of explosives. 

One possible alternative to TNA is 
FNA, or fast-neutron activation, in 
which high-energy neutrons react with 
carbon and oxygen as well as nitrogen. 
Explosives alone contain high densi- 
ties of nitrogen and oxygen and low 
densities of carbon. The company So- 
ciété d'Etudes et Réalisations Nuclé- 
aires (SODERN) and the French atom- 
ic energy commission have developed 
a pulsed neutron generator that checks 
bags with an FNA test when the TNA 
test is inconclusive. SODERN claims 
its system can process up to 1,200 bags 
per hour, detecting explosives 99.8 per- 
cent of the time. 


DAT update 


A bill requiring digital audio tape re- 
corders to contain a Serial Copy Man- 
agement System circuit, which pre- 
vents a DAT machine from making | 
third-generation copies (copies of cop- | 
ies) of original material, has been in- | 
troduced in the Senate as expected. But | 
unexpectedly, and unlike its passage 
in the House months ago, the bill has 
provoked a battle over artists' royalty 
payments. Result: Consumer DATs are | 
once again on hold for the U.S. mar- | 
ket, and no one knows how long the 

stalemate could last. [^3] 
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Sycoscan’s X-ray system spots hand guns and a 
grenade hidden in a freight container 


5 sure steps fo a fast start 
as d high-paid 
computer service technician 


4 m Choose traini 
that’s right for s 


good jo 


Jobs for computer service technicians 
will almost double in the next 10 years, 
according to the latest Department of 
Labor projections. For you, that means 
unlimited opportunities for advance- 
ment, a new career, or even a com- 
puter service business of your own. 1990 

But to succeed in computer service today, you need training— 
complete, practical training that gives you the confidence to service any 
brand of computer. You need NRI training. 
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2000 
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By getting inside this powerful computer, you 
get the confidence-building, real-world experience' 
you need to work with, troubleshoot, and service 
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Home Newsfront 


By V. ELAINE GILMORE with Timothy 0. Bakke 


It all adds up 


What goes into the price of 

a new house? The National 
Association of Home Builders got this 
breakdown from Richard Brown, pres- 
ident of Cambridge Homes in Lake 
County, Ill., a Chicago suburb. The 
house has four bedrooms, a full base- 
ment, and a two-car garage. Construc- 
tion costs (as itemized above) plus vil- 
lage permit fees ($6,884), overhead 
($5,160), and interest ($1,200) add up 
to $96,843—about 60 percent of the 
$159,900 selling price. Remaining costs 
break down like this: 


LAND AND LOT DEVELOPMENT 


Raw land. $17,000 
Impact fees . 5,195 
Engineering and soi 995 
Mass earthwork.... 1,588 
Sewers and water mains 3,257 
Streets, curbs, and gutters 4,620 
Overhead . 750 
Interest. 


Miscellaneous 752 
Subtotal $38,657 


ILLUSTRATION BY SAM WARD FOR THE NATIONAL ASSOCIATION OF HOME BUILDERS 


SOFT COSTS 

Sales commission: 
Closing costs.... 450 
Advertising and marketing .. 4,200 
Administrative costs, profit .. 13,406 


$3,300 


Warranty expense 1,000 
Contingency .... 2,044 
Subtotal $24,400 
TOTAL PRICE $159,900 


The item that varies most across the 
country is the cost of land and lot de- 
velopment, according to Michael Car- 
liner, staff vice president for econom- 
ics and housing policy at the NAHB. 
“Tt ranges from fifteen percent to thir- 
ty-five percent of the total," he reports. 
“Within that, typically forty percent 
goes for buying raw land, forty percent 
is development cost (like putting in 
streets and sewers), and about twenty 
percent is fees.” 

Fees go for basics like permits and 
inspections. But increasingly, they also 
are imposed to cover the cost of infra- 
structure, primarily roads and schools, 
not on the site but necessitated by the 


additional households. In some locali- 
ties, especially in California, the fees 
can account for a whopping 75 percent 
of the land cost, Carliner reports. 

“Such fees are most common in Cal- 
ifornia and Florida,” he says. “But the 
trend is spreading. It’s a popular way 
of funding what used to be paid 
through bonds and real-estate taxes.” 

In some areas these fees have been 
successfully challenged in court on the 
basis that they are illegal taxes. Nev- 
ertheless, Carliner expects them to pro- 
liferate. In California, after a munici- 
pality lost a case, the state legislature 
passed a bill allowing such fees but lim- 
iting the amount. 


New wood preservative 


A couple of years ago, a new product 
called Tim-Borized wood began ap- 
pearing in lumber yards [“Building 
with Borate,” March '88]. This insect- 
and decay-resistant lumber gets its pro- 
tection from a preservative based on 
sodium borate, a first cousin to borax. 
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In a word: Efficiency. 
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Home Newsfront 


Now there's a borate-base preservative 
you can buy and use at home. It’s called 
Bora-Care, and it’s made by Perma- 
Chink Systems. 

Tim-Bor, the brand name of the pes- 
ticide in the lumber and in Bora-Care, 
protects wood from termites, carpen- 
ter ants, wood-boring beetles, and 
decay-promoting fungi. It kills critters 
already in the wood and protects it 
from further infestation. Boron, a prin- 
cipal constituent, is toxic to fungi, but 
researchers are not sure why it kills 
insects. The most widely accepted the- 
ory postulates that it attacks beneficial 
microbes in their guts, causing the 
bugs to. starve. 

The Tim-Bor used in Tim-Borized 
wood is formulated using water as the 
carrier. When heated it penetrates 
green wood readily. But it is unsuit- 
able as an on-site treatment because 
it will not penetrate dry lumber. Bora- 
Care solves the problem by using gly- 
col as the carrier. It penetrates dry lum- 
ber to the center, says Perma-Chink. 

Bora-Care, like Tim-Bor, does not 
change the color or working charac- 
teristics of the wood. To use it add an 
equal volume of water, then apply (to 
bare wood only) with a sprayer or a 
brush, or you can dip the wood. 

Bora-Care can be used nearly any- 
where, but consider this: The preserv- 
ative will leach out if exposed to water. 
Thus it is not suitable for lumber in con- 
tact with the ground. If used on exte- 
rior surfaces you must coat the treated 
wood with a water-repellent finish. 

If you have a termite or beetle in- 
festation, it is recommended that 
you contact a professional pest-control 
company. “They can best apply the 
product and advise on an integrated 
method of control,” he says. 

Bora-Care does not emit noxious 
fumes when it’s being applied, but you 
should provide ventilation when using 
it inside. If used outside, plants and 
soil should be protected with plastic. 
And because of the glycol carrier, Bora- 
Care, unlike Tim-Bor, is toxic to ani- 
mals if ingested. Keep it away from 
children and pets. 

Bora-Care sells for $60 a gallon, 
enough to treat 800 board feet. Perma- 
Chink Systems, 1605 Prosser Rd., 
Knoxville, Tenn. 37914. 


Yard-waste wrap-up 


It used to be that Saturday’s grass clip- 
pings went out neatly packaged in 
trash bags with Monday morning’s gar- 
bage. The same was true of raked 
leaves or the hedge’s pruned limbs. 
Not anymore. In most states you 
can't—or soon won't be able to—leave 
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When a light bulb burns out and it's the 
only light in the room, changing the bulb. 
can be tricky—even hazardous. Now a Brit: 
ish-made lamp socket solves the problem. 
fluorescent coil surrounds the socket. 

the failed bulb is removed, a spring-tensi 
insulating sleeve moves, connecting the 


fluorescent light to contact pins. At the 
same time, the insulation covers the contacts 
of the bulb being removed. When you insert 
the new bulb, the insulating sleeve moves 
back to its original position. The Safety 
Socket is made for both screw-base and 
bayonet-type bulbs. It was developed by the 
Industrial Design Department of the Col- 
chester Institute (Sheepen Rd., Colchester, 
Essex CO3 3LL, England).— David Scott 


yard debris curbside for the local san- 
itation team to whisk away (see map). 
Landfills cannot afford the space any- 
more. In this green age of environmen- 
tal enlightenment, you are ever in- 
creasingly responsible for your own 
mess. And rightly so. 


HEAT-RESISTANT COVER 


BOB LANGE 


What to do? If you have a bagging 
lawn mower, you can collect and com- 
post the clippings in a corner of the 
yard. Grass does not take long to 
break down if composted 
properly. Ringer Corp. 
claims its Recycle 


Yard waste is banned from landfills in 16 states; similar legislation is pending in 19 others. 
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Kit, which includes a heavy-duty re- 
usable plastic bag and an additive 
containing non-pathogenic cellulose- 
degrading microorganisms, speeds the 
process to 10 to 30 days. It costs $10. 

You can also mulch. First introduced 
in the late 1960s, mulching lawn mow- 
ers soon fell out of favor. Now they are 
back. Various mowers use add-on kits, 
special deck designs, or multiple cut- 
ting blades, all without discharges so 
the grass clippings are cut up small 
and deposited onto the lawn from un- 
der the deck. 

With any of these mulching mowers 
it is most important that you not let 
the grass get more than a few inches 
tall or the clippings will clump. 

You can also forego the mulching 
mower and just discharge the cut grass 
back onto the lawn, but you have to be 
prepared for the aesthetics of such a 
method: Your lawn may look brown for 
a week or so. If you mow often enough 
though, that may not be a problem. 

The idea of returning grass clippings 
to the soil is a good one. To quantify 
how good, Garden Way/Bolens and the 
Rodale Research Center in Emmaus, 
Pa., are conducting a three-year test, 
comparing the value of mulching clip- 
pings versus bagging and removing 
them on otherwise identical grass 
plots. Similar tests performed by Mich- 
igan State University in the early 
1970s showed that with mulching, ni- 
trogen and other nutrients “were 
leached and/or released from the clip- 
pings into the soil and absorbed by the 
grass root system within 14 days.” 

Leaves and brush trimmings pose 
more of a potential problem than grass. 
Most localities have a composting area 
where you can take leaves and cuttings, 


Mulching mowers from Simplicity (shown) and 
Homelite use two blades to chop grass dip- 
pings into fine particles. 


but you are responsible for getting 
them there. Or, if you don’t have that 
many leaves, you can till them into the 
soil before winter sets in. In both cases, 
a shredder or chipper of some kind, ei- 
ther electric- or gas-powered, would 
probably be necessary to reduce vol- 
ume. For a small amount of leaves, you 
might use a yard blower/vacuum to 
grind them up. Small electric shred- 
ders take leaves and branches up to 
about an inch or so in diameter; larger 
chipper/shredders, which can cost up 


to $1,000, take branches up to three 
inches in diameter. 


SOME SOURCES FOR MULCHING MOWERS 
Deere & Co., John Deere Rd., Moline IL 61265; Garden 
Way/Bolens/Troy Built, 102nd St. & 9th Ave., Troy NY 12180; 
Homelite, 14401 Carowinds Blvd., Charlotte NC 2824 1; Sim- 
plicity Manufacturing, Box 997, Port Washington WI 53074; 
Power Equipment, Box 777, McDonough GA 30253; 
Toro Co., 8111 Lyndale Ave., S., Minneapolis MN 55420 
SOURCES OF CHIPPERS/SHREDDERS 
Amerind-Mackissic, Box 11, Parker Ford PA 19457; Garden 
Way/Bolens/Troy Built; Lescha North America, Box 266, Bolton 
LOP 1A0, Ont., Canada; Tornado Products, N114 W18605 
Clinton Dr., Germantown WI 53022; Vornado Power Prod- 
ucts, 2 Main St., Melrose MA 02176; W-W Grinder, Box 4029, 
Wichita KS 67204 
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Stay in touch with a Radio Shack 
Cellular Mobile Phone 


Was $699.00 in Cat. 446 


m Enjoy the Convenience of Your Own Cellular Telephone 
for Only $15 Per Month** 

= Handsfree Feature Lets You Place and Receive Calls 
Without Lifting the Handset 

m Make and Take Calls Wherever There's Cellular Service 


The CT-02 adds to your family's convenience, safety and se- 
curity while on the road. If help is needed, the police, a tow 
truck or medical assistance is just an in-car phone call away. 
Ideal for business, too— stay in touch going to and from the 
office, on a service call or while making a delivery. Features 
832-channel capacity, 2-phone number dual NAM capability 
and 3-watt output. Put the whole world in your hand! 


CREATING NEW STANDARDS . fe] ; 
PROVEN LEADERSHIP GUARANTEED SATISFACTION A ^ 
Over 7,000 USA locations, 39,000 MERICA Ss 


Over 35 million customers benefit annually 

employees, seven research and development from our satisfaction guarantee. Putting you TECHNOLOGY 
centers, 31 oe idc manufacturing pa ms man us n PC compatibles— 

plants NOBODY IMPARES! NOBODY IMPARES! STORE SM 


"Special price of $299.00 requires new activation and minimum service commitment with Radio Shack cellular phone carrier ($599.00 without activation). Activation requirement does not apply where prohibited by 
slate law. See store manager for details. Sales ends 7/21/90. CT-102 requires mobile antenna. * "Radio Shack revolving credit. Payment may vary depending upon account balance. Price applies at participating 
Radio Shack stores and dealers. Radio Shack is a division of Tandy Corporation. 
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OZONE: 
FRIENDLY 
COOLING 


A/C without CFCs 


The organic chemicals called CFCs were once thought to be 
ideal refrigerants and environmentally benign. Now we 
know that they weaken Earth’s protective ozone shield. But 
the chemistry that gave birth to CFCs is coming up with 
replacements that will limit the damage. 


41 he ozone hole." This phrase 


has joined “global warming," 

“acid rain,” “toxic waste," and 

similar epithets in the grow- 

ing lexicon of environmental 

hazards. And as with these 
other hazards, the global community 
is learning to use new technology to 
avert catastrophe. 

The “hole” is both a phenomenon 
and a symptom—a warning sign, at- 
mospheric scientists agree. Since 
1984, satellite and ground-station 
monitoring have revealed that it de- 
velops each spring in a kind of bull's- 
eye centered over Antarctica. The 
hole appears in the ozone layer, be- 
ginning about 10 miles above Earth’s 
surface. 

Ozone concentrations are measured 
in something called Dobson units. 
Normal for the stratosphere is around 
350; in 1987 the level over the Ant- 
arctic fell to an all-time low of 109. 

Why is this important, perhaps as 
weighty as the threats from global 
warming, acid rain, and toxic wastes 
combined? 

Ozone, the unstable triatomic form 
of oxygen, is an irritant at Earth’s 
surface, capable of damaging lungs 
and eyes. But in the stratosphere, it 
blocks out the shortest wavelengths 
of ultraviolet light from the sun, 
shielding all life on Earth from poten- 
tially lethal radiation. 

The development of the ozone hole 
over Antarctica, and recent evidence 
that conditions are ripe for similar 
ozone depletion over the North Pole 
and northern latitudes, means that 
this barrier is being penetrated. 

The consequences of an unabated 
attack on the ozone layer are, like 
other projections of environmental 
changes, speculative. But the EPA esti- 
mates that for every one percent 
diminution of ozone in the strato- 
sphere there will be a two percent 
increase in short-wavelength ultra- 
violet radiation to reach Earth’s 
surface. 

This is high-energy radiation; in 
the electromagnetic spectrum, the 
shorter the wavelength, the higher 
the energy. And it is capable of effect- 
ing harmful changes in the genetic 
material—DNA. One of the most pre- 
dictable results of such radiation 
bathing life on Earth’s surface is an 
increase in human skin cancers, espe- 
cially the most malignant kind, mela- 
nomas. Biologists fear that a substan- 
tial increase in high-energy UV 
radiation could also disrupt the 
aquatic food chain by killing off cer- 
tain species of plankton. Food crops 
could be adversely affected. 

Why is the ozone layer changing? 
There is now no doubt as to the na- 
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THE CHEMICAL OFFENDERS 
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ture of the attacker. It goes 
by the generic term of CFCs, 
short for chlorofluorocar- 
bons. They share certain ba- 
sic chemical attributes, al- 
though many variations on 
the formula exist, usually 
differentiated by number. 

In 1974 F. Sherwood 
Rowland and his colleague at 
the University of California, 
Irvine, Mario Molina unraveled the 
complex chemical reactions by which 
CFCs could rise to the stratosphere, 
persist for a century or more, and 
there release chlorine atoms that gob- 
ble up ozone molecules at a fantastic 
rate [^The Man Who Knew Too 
Much,” Jan. '89]. 

The ozone-thinning created by the 
CFCs is not limited to the polar re- 
gions, although certain atmospheric 
conditions there are especially con- 
ducive to the creation of “holes.” For 
example, Rowland says, “In the late 
Antarctic spring, air that hasn’t been 
depleted of ozone moves in, and the 
ozone hole is shipped elsewhere, lead- 
ing to a thinning of the ozone layer 
over temperate latitudes.” 

CFCs are among the most ubiqui- 
tous of all man-made chemical com- 
pounds. Originally considered harm- 
less, they were crafted to suit a whole 
spectrum of uses (see table). Here are 
some of the current applications for 
specific variations of CFCs: 

*CFC-11 creates the tiny bubbles 
in foam products. It is also used as a 
refrigerant. 

*CFC-11 and CFC-12 are used as 
propellants for aerosols such as hair 
sprays and deodorants. That use has 
been banned with certain exceptions 
in the United States, but continues 
elsewhere. 

*CFC-12 is the working fluid in re- 
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How CFCs destroy ozone in the stratosphere: 
Ultraviolet light (purple) breaks a bond in the CFC 
molecule, releasing a chlorine atom (green), which 
then attacks the ozone molecule (red). 


frigerators and car air conditioners. 

*CFC-113 is widely used to clean 
electronic circuit components and is 
used in dry cleaning. 


n 1988 the use of CFCs world- 

wide broke down as follows, in 

millions of pounds: as refriger- 
ants, 750; as foaming agents, 730; in 
aerosols, 480; as cleansers, 480; in all 
other uses, 100. 

Of course, it is only when CFCs 
escape into the atmosphere that 
they become a threat to the environ- 
ment. And some CFC applications 
leak a disproportionate share. For 
example, although car air condition- 
ers contain less than half of all 
CFCs, they account for about three- 
quarters of CFC emissions. Pro- 
jections for the amount of CFC-12 
needed to replace leaks in 1990 are 
90.1 million pounds for vehicles; 
21.5 million for retail food refrigera- 
tion; 8.6 for chillers, including home 
air conditioners; and 0.6 for home 
refrigeration. 

Ever since the role of CFCs in the 
destruction of the ozone layer became 
clear, a two-pronged approach to cop- 


ing with the problem has 
emerged. 

One is simply to restrict, 
by international agreement, 
the amount of CFCs manu- 
factured worldwide. The 
Montreal Protocol of 1986 
mandated a CFC production 
freeze, followed by a total 
phase-out by the year 2000. 
Says Rowland, “As an inter- 
national agreement it is almost with- 
out precedent because it actually pro- 
poses to reduce the emission of a 
pollutant.” But he adds that the CFCs 
we have already added to the atmo- 
sphere will continue to damage the 
ozone layer because their effects per- 
sist for decades. “Even if we act now,” 
he says, “we can expect to see the 
worst stages of ozone depletion 
around the year 2020.” The longer we 
delay, the further into the future that 
peak is pushed. 

Unfortunately, the Montreal treaty 
has a giant loophole: It allows the de- 
veloping world to increase CFC use to 
near the per capita level of the indus- 
trialized world. If that happens, it 
will push the healing of the ozone 
shield well into the 22nd century. 

The second approach to the CFC 
problem is to find acceptable substi- 
tutes for them. 

“It is ironic,” says Dr. Leo Manzer, 
research manager at Du Pont, “that 
the most useful property of this class 
of chemicals [CFCs]—its inertness to 
chemical attack—is its greatest fail- 
ing.” The search for ozone-benign 
CFC replacements has meant build- 
ing in atmospheric instability, so the 
replacement chemicals will break 
down in the lower atmosphere, before 
they can reach the ozone layer. 

The key is the inclusion of hydro- 
gen, which makes the molecule a tar- 


get for attack by hydroxyl radicals in 
the lower atmosphere. Due to their 
shorter lifetime, these replacements 
will also have less opportunity to ab- 
sorb infrared radiation and add to the 
greenhouse effect. 

The most promising replacements 
are known generically as hydrofluoro- 
carbons and hydrochlorofluorocar- 
bons—or in chemical shorthand, 
HFCs and HCFCs. They have proper- 


ties similar to CFCs, but pose little or 
no threat to the ozone layer. 

The articles that follow in this spe- 
cial section detail how some of these 
chemicals will be used in applications 
where CFCs were once the norm, 
such as car air conditioners. They 
will also discuss some approaches 
that avoid synthetic chemicals in 
home cooling systems and call for in- 
ert materials to replace CFC foams 


as insulation in refrigerator panels. 

With such measures, civilization 
should limit, perhaps reverse, dam- 
age to the ozone shield. As Rowland 
says, “If we wait for the body count, it 
will be too late."—Brian Nadel 


CLEAN-AIR HOME 
AIR CONDITIONER 


The machine is not a conventional 
air conditioner; nor is it an evapora- 
tive cooler. Unlike conventional air 
conditioners, it has no compressor. 
And while air conditioners recircu- 
late indoor air, this machine con- 
stantly brings in fresh air and ex- 
hausts stale air. Furthermore, it uses 


nside a green-glass building in the 
Arizona State University Research 
Park in Tempe, a machine four 
feet long, two feet wide, and 28 
inches high hums away, drawing 
in the hot desert air, cooling it to 
54 degrees F, and blowing it into the 
1,200-square-foot laboratory. 


HOW THE AIR CONDITIONER WORKS 


OUTSIDE AIR 
95°F 40% RH 


DRUTE DESICCANT JANA BRENNING 


zi | 

Air from outside (at 95 degrees F and 40 percent relative humidity) is blown through a cham- 
ber that is divided into sections by porous plastic plates. A desiccant solution is sprayed with- 
in each section. The air becomes drier in each because the desiccant gets progressively 
more concentrated. As the air dries it gains heat. But heat is constantly transferred to the re- 
turn-air chamber through a heat-exchange partition. In the final chamber, fresh water is 
sprayed into the air, saturating it; that drops the temperature to 54 degrees. Meanwhile, air 
from the room is drawn through an identical sectioned chamber on the other side of the heat- 
exchange partition. Here fresh water is sprayed into the air, which picks up moisture; thus its 
temperature drops. The temperature in each water-spray section is lower than that in the op- 
posite desiccant-spray section, so the return air removes heat—step by step—from the sup- 
ply air, and exhausts the heat outdoors. The dilute desiccant flows to a regenerator (not 
shown). Here it is boiled at 300 degrees F, which evaporates about half of the absorbed wa- 
ter; steam from the boiler then is used to evaporate the rest of the absorbed water. Thus 
most of the energy input to the boiler is used twice —V .E. G. 


water and salt water as its working 
fluids. Though conventional home air 
conditioners use a relatively benign 
HCFC (see above) rather than a 
CFC, even HCFCs destroy some 
stratospheric ozone. Finally, the in- 
ventors of this machine claim it can 
slash air-conditioning bills by 50 per- 
cent in some climates. 


he air conditioner, developed by 
Albers Technologies Corp., is the 
invention of Walter F. Albers 
and James R. Beckman, associate 
professor of chemical engineering at 
A.S.U. It combines evaporative cool- 
ing with desiccant dehumidification. 
Evaporative coolers work well in dry 
climates: A fan draws outside air 
over a damp pad, where it is cooled 
by picking up moisture. But when 
the intake air is humid to start with, 
it can't pick up enough additional 
moisture to cool significantly. That's 
where the desiccant comes in. A desic- 
cant is a chemical with an affinity for 
water. In the Albers air conditioner, a 
lithium bromide solution is used. "A 
pound of the solution can pick up five 
pounds of water," Beckman says. 
This air conditioner is not the first 
to use desiccants. One that uses a re- 
volving desiccant wheel is made by 
ASK Corp. (formerly American Solar 
King) in Waco, Texas [“High-Tech, 
Low-Energy Heater-Cooler,” July 
'86]. And the Florida Solar Energy 
Center in Cape Canaveral is develop- 
ing one that places desiccants in the 
attic [Home Newsfront,” Sept. ’89]. 
The Albers air conditioner is sim- 
pler than either of those approaches. 
How it works is explained in the box 
(left). Under the standard test condi- 
tions illustrated, supply air at the 
outlet is delivered to the house at 54 
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degrees F and 100 percent humidity. 
When its temperature is raised to 77 
degrees in the house, the relative hu- 
midity drops to around 60 percent. 

The current prototype is a 2.1-ton 
(25,200-Btu/h) unit. To avoid corro- 
sion, it is made entirely of plastics ex- 
cept for the heat-transfer partition, 
which is a plastic-coated metal. Al- 
bers says that it shows no measurable 
deterioration in performance after 
running 900 hours in the Tempe lab. 

The company also has simulated 
more-humid climates for test purpos- 
es. The most difficult conditions 
they’ve simulated: 86 degrees F and 
80 percent relative humidity. “Hu- 
midity is more of a problem for this 
machine than heat,” Albers says. 

In a hot, dry climate the Albers air 
conditioner uses about 20 percent less 
energy than an air conditioner with a 
Seasonal Energy Efficiency Ratio of 
10, company tests show. Electricity is 
needed only to run two fans and 40 
tiny pumps (linked so that two motors 
power all). 

Cost savings could be much greater. 
In the prototype, natural gas fires the 
boiler that reconcentrates the lithium 
bromide solution. Gas is a cheaper en- 
ergy source than electricity. “This 
means about a fifty percent cost sav- 
ings in our area,” Albers reports. 

Albers and Beckman tout their ma- 
chine's environmental advantage, but 
insist that it can compete with con- 
ventional air conditioners on eco- 
nomics alone. Purchase price, they 
say, will be no more: perhaps $2,000 
for a central unit big enough to cool 
a 1,500-square-foot house in Phoenix. 
If that proves to be true, and the en- 
ergy saving is anywhere near the 50 
percent claimed, they may be right. 


—V. Elaine Gilmore 


inter is in its fi- 
nal days, is- 
lands of snow 
still dot the 
landscape, yet 
the tempera- 
ture is a blazing 100 degrees F and 
the humidity a sticky 40 percent. Far 
from being caught in the early throes 
of a global warming crisis, I’m in a 
General Motors wind tunnel with 
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GAS COOLING FOR INDUSTRY 


VALVE 


AMBIENT AIR COOLING 


AMBIENT AIR COOLING HEAT OUT 


Gas-fired absorbtion air conditioners, which use no ozone-depleting chlorofluorocarbons, 
have existed for decades. But until now they haven't been efficient enough to compete with 
methods used today: Robert De Vault, an Oak Ridge National Laboratory researcher, has in- 
vented a gas A/C that is 50 percent more efficient than today's best gas absorbtion A/Cs. 
The Trane Co. is developing commercial units rated at 150 tons and greater. 

In theory, a single-effect A/C uses one unit of gas-energy input to produce one unit of cool- 
ing, for a coefficient of performance of 1.0. A double-effect generates two units of cooling per 
unit of energy (COP of 2.0). But De Vault's system, the triple-effect, will have a COP of 3.0. 
(Because reality is never as neat as theory, production single-effects actually have a COP of 
0.5 to 0.6; double-effects, 1.0 to 1.2; and triple-effects, 1.5 to 1.7.) 

“The difference between single-effects and the triple-effect is an added single-effect loop,” 
says De Vault. Half of De Vault's air conditioner is essentially a conventional single-effect 
loop. It uses water as the refrigerant and a lithium bromide salt solution, which has a high 
affinity for water, as the absorbent. "The second loop works like a single-effect, but at higher 
temperatures—up to 450 degrees [F]," says De Vault. The "high" loop uses water as the re- 
frigerant, with Trane's proprietary salt mixture as the absorbent. 

Combining the loops gives the air conditioner its efficiency. "Instead of rejecting it into the 
air, as in other systems, waste heat from the high loop is used to run the low loop," says De 
Vault. It all starts at the high generator (see illustration), where salt water is boiled. The re- 
sulting water vapor goes to the high condenser, where it gives up heat and becomes liquid. 
This heat is transferred to the low generator, a heat exchanger, and helps run the low loop. 
The water then evaporates in the high evaporator to cool building air. 

Not all of the solution is vaporized at the high generator. The remaining more-concentrated 
hot salt water travels to the high heat exchanger and dumps some heat to fluid returning to 
the high generator. The solution continues to the high absorber, where the salt in it pulls in 
water vapor returning from the high evaporator. Heat produced by this chemical mixing is 
also dumped at the low generator to run the low loop. A pump brings the solution back 
through the high heat exchanger to the high generator, completing the cycle. Operating iden- 
tically to the high loop, the low loop provides more building cooling at the low evaporator. 
When the A/C finally dumps the remaining heat, it has used most of the original energy from 
the gas flame. The air conditioners may be available in four years.—Mariette DiChristina 


JANA BRENNING 


AUTOMOTIVE 
SOLUTION 


Kurt Hollasch, director of engineer- 
ing at GM's Harrison Radiator Div- 
ision in Lockport, N.Y. Next to us is a 
white 1992 Buick Le Sabre undergo- 
ing testing of an experimental air 
conditioner that uses an ozone- 
friendly refrigerant. A 50-mph wind 
rushes by, making our ties flap in the 
breeze, as Hollasch shouts over the 
din: “It’s instant August. We've recre- 
ated a hot, humid day, perfect for 


testing automotive air conditioning.” 
The simulated summer is effective—it’s 
hot and muggy. But inside the sedan 
it is acool and comfortable 70 degrees. 

The Le Sabre is not in its final me- 
chanical configuration and is still 
more than a year away from a Buick 
showroom. It is fitted with one of the 
first of an expected new generation of 
advanced alternate air conditioners 
that uses HFC-134a (tetrafluoro- 


ethane) as a refrigerant. From De- 
troit to Stuttgart, West Germany, to 
Tokyo, the heat is on the world’s auto 
makers to develop car cooling sys- 
tems that not only protect the ozone 
layer, but don’t derail current styling 
trends or the drive for better fuel 
economy. 


are a tempting target for regu- 
lators: By the EPA’s estimate, 
automotive sources contribute a sig- 
nificant amount of the chloroflu- 
orocarbons released in the United 
States—the single largest contribu- 
tor to ozone depletion. All told, 107.5 
million pounds of CFC-12 were used 
in 1989 cars. Eventually, all of it is 
expected to leak out and zap strato- 
spheric ozone. Vermont has passed a 
law prohibiting the sale of 1993 mod- 
el-year cars equipped with CFC-12- 
based air conditioners. Auto makers, 
like GM, say this action may force 
them to drop air conditioning—or- 
dered by between 60 and 90 percent 
of buyers—on some models in Vermont 
until a coast-to-coast introduction of 
the alternate equipment. Others are 
looking at Vermont as a large-scale 
test fleet to evaluate the first non- 
CFC-12.air conditioners on the road. 
Scientists and engineers are pin- 
ning their hopes on HFC-134a as a 
replacement for CFC-12, though ac- 


C ar air conditioner refrigerants 


ceptance is far from universal. An 
early favorite, HCFC-22 would have 
required much higher operating pres- 
sures and can easily seep through 
conventional hoses and seals. 

Tony Mash, commercial director for 
ICI General Products, a major suppli- 
er of refrigerants to the automotive 
industry, describes HFC-134a as “a 
molecule made up of carbon, hydro- 
gen, and fluorine that has no chlo- 
rine. It has an ozone-depletion poten- 
tial of zero, which is exactly what the 
world is looking for." 

The sudden interest in HFC-134a 
might seem like a flashback to Hol- 
lasch. He helped build and test some 
of the auto industry's first alternate 
air conditioners in the mid-1970s. He 
was fresh out of engineering school 
and the aerosol use of CFCs had just 
been banned. It seemed possible that 
CFCs used to cool cars could go the 
same way. The experiments 15 years 
ago revealed that HFC-134a has dif- 
ferent thermodynamic properties and 
would require new or redesigned 
components that could lead to lower 
efficiency and the possibility of a 
slight fuel-economy penalty. 

The key to vapor compression cool- 
ing efficiency is the ability of the 
working fluid to cross the boundary 
from liquid to vapor repeatedly. In 
this phase transition, heat is the cur- 
rency for temperature exchange. 


OZONE 
FRIENDLY 
COOLING 


Boiling the liquid refrigerant in an 
evaporator yields cooling power for 
the car’s interior, while compressing 
and condensing the vapor back to a 
liquid requires rejecting heat through 
a condenser. In essence, the air condi- 
tioner pulls heat out of the car and 
sends it into an already warm world, 
where it will hardly be noticed. 


n analysis of the theoretical 
performance of automotive air 
conditioning by Du Pont scien- 

tists shows that, all things being 
equal, an HFC-134a-based cooling 
loop would require six percent more 
energy than the same unit operating 
on CFC-12. For equal cooling, this 
deficit would have to be made up by 
the car’s engine, leading to less avail- 
able power, lower fuel economy, or 
both. But all things are not always 
equal, and the change to HFC-134a 
can be seen as an opportunity for in- 
novation. Says ICI’s Mash, “We have 
to accept that it is the refrigerant for 
the future and then simply design 
the air conditioning system around it.” 

The major changes expected are: 

*Compressors will have to operate 


RECLAIMING REFRIGERANTS 


“In a manner of speaking, the ozone hole is 
the result of waste," says Philip Meredith, di- 
rector of Freon products research and de- 
velopment at Du Pont. Industry practices 
until recently encouraged the squandering 
of CFC-12. One prime example was the 
venting of refrigerant and the use of it for 
leak testing. The new attitude emphasizes 
the frugal use of CFC-12, as if it were a 
high-priced specialty chemical. Over the 
next decade, CFC-12 will become just that: 
scarce and expensive as production slows 
and the $1.37 per pound tax takes effect, 
making reclaiming and reusing refrigerants 
economically and environmentally attractive. 
The Kent-Moore ACRS recycling system 
uses two loops to recover and clean the re- 
frigerant. In the recovery mode (far right), 
the car's refrigerant flows through a heat ex- 
changer/oil separator to remove waste oil 
and reliquefy the product. In the cleaning 
mode (right), a magnetically coupled pump 
routes the refrigerant from the bottom of the 
storage tank to the filter/dryer. When the re- 
frigerant is ready for reuse, the moisture in- 
dicator changes from yellow to green. 
Chlorofluorocarbon suppliers say CFC-12 
may reach $4 per pound by the year 2000. 
By Kent-Moore's estimate, the typical shop 
can save $6,000 a year by recycling refrig- 
erant and keep more than 5,200 pounds of 
CFC-12 out of the atmosphere.—8B. N. 


HEAT EXCHANGER / 
OIL SEPARATOR 


COMPRESSOR 
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at about 10 percent higher pressure, 
requiring a sturdier structure, tighter 
internal tolerances, and stouter seals. 

*HFC-134a seeps through rubber 
hoses more easily than CFC-12. The 
solution could be a hose lined with im- 
permeable nylon. 

*HFC-134a is more prone to mois- 
ture contamination, so a more effective 
desiccant will be required. 

*Mineral-oil lubricants are not sol- 
uble in HFC-134a. They will probably 
be replaced by a synthetic polyalka- 
leneglycol oil to ensure against pre- 
mature compressor failure. 

But the air conditioner's condenser 
will undergo the most profound 
changes. Its ability to cool and liquefy 
refrigerant likely will determine suc- 
cess or failure. Refki El-Bourini of 
Calsonic's Technical Center in Phoe- 
nix says that based on a sophisticated 
computer modeling of thermodynamic 
performance, *a system built around 
HFC-134a will be limited by its abili- 
ty to condense refrigerant. With high- 
er condensing capacity, you can equal 
or beat CFC-12." 

Improving condensation implies ei- 
ther larger or more-efficient heat ex- 
changers, or more airflow through the 
engine compartment to carry off heat. 
However, each of these methods could 
force a reappraisal of the cab-forward 
styling trend that emphasizes a short, 
low hood with minimal grille area. 

To continue present styling trends, 


the Calsonic answer to the increased 
condensing requirements is to use an 
innovative parallel-flow condenser, 
which its maker, Modine of Racine, 
Wis., calls multiflow. Looking at paral- 
lel-flow and traditional serpentine 
condensers side by side, the differ- 
ences are immediately apparent. The 
parallel-flow unit, constructed of 
many small tubes with a header at 
each end, is smaller in all dimensions 
and weighs half as much. It also has 13 
percent less frontal area. A serpentine 
condenser routes refrigerant through 
the convoluted zigzag of a long pipe 
with many right-angle bends. The re- 
sult is 30 percent more heat exchange 
in a parallel-flow unit compared with 
a serpentine condenser. The smaller 
size also allows designers to use 20 
percent less refrigerant and get the 
same cooling power compared with 
the production CFC-12 system. 


Calsonic prototype A/C mounted 

on a 1988 Nissan Stanza show 
that the experimental unit's perfor- 
mance was equal to or better than the 
car's standard CFC-12 air conditioner 
under all test conditions. El-Bourini 
says that his supervisor drove the test 
car last summer and complained that 
the alternate air conditioner worked 
so well in Phoenix's 100-degree weath- 
er that he had to hold it to the lowest 
setting to keep from shivering. 

Before any car leaves the laboratory 
for road testing, the prototype air con- 
ditioner has already gone through ex- 
tensive bench-top and wind-tunnel 
testing. Hollasch calls this phase of 
development “an artificially contrived 
situation to simulate aspects of the 


$ tandardized road tests of the 


real world.” He says, “In the lab you 
can test under the worst possible con- 
ditions and beyond." In the wind tun- 
nel a full system can be evaluated for 
the hottest, most uncomfortable day, 
even if a blizzard is raging outside. 

Then it's time to hit the road. Hol- 
lasch says there are “hundreds of pro- 
totypes on the road right now, and 
we're putting out more every day." In 
a cooperative venture, the Niagara 
County Sheriff's Department has let 
Hollasch's engineers retrofit its squad 
cars with prototype HFC-134a air 
conditioners. The final tests have not 
been completed, but Harrison's chief 
engineer says he's optimistic that 
GM's planned phased introduction of 
alternate air conditioners for the 1993 
model year will go smoothly. First- 
year volume will probably encompass 
several assembly plants, and volume 
could approach 500,000 cars. 

Despite early warnings that the 
change to HFC-134a would be accom- 
panied by a 10 percent loss of fuel 
economy, El-Bourini, Hollasch, and 
others I spoke with report that initial 
tests with prototypes show no loss of 
efficiency. In an era when the mini- 
mum corporate average fuel economy 
(CAFE) could be raised from 27.5 to 
40 mpg, engineers and designers 
alike must squeeze the most out of ev- 
ery drop of gasoline. 

‘To improve cooling without a fuel pen- 
alty, engineers are also looking at us- 
ing passive technologies to give the 
air conditioner a helping hand. This 
approach includes solar-powered fans 
to circulate air while the car sits in 
the sun, and even glass like the PPG 
Industries’ Sungate windshield [“Big 
is Back,” Oct. '89] used on the GM 


JANA BRENNING 


FUEL-EFFICIENT COMPRESSOR 


While most of the automotive industry is concentrating on modifying existing compressors to 
operate with refrigerants like HFC-134a, Rovac, a small Massachusetts engineering compa- 
ny, is taking the alternate route of basing its system on a novel rotary vane compressor. If the 
compressor looks familiar, it should. The device first appeared in these pages as a prototype 
automotive air conditioner that used air as the working fluid ['Rovac," Feb. 75]. Rovac engi- 
neers long ago gave up using air as the refrigerant, but still hope to produce an ozone-friend- 
ly air-conditioning system by 1992. 

Rovac's Raymond Shea Jr. says the company has not decided which of three refrigerants 
would be used. “But it will have near-zero ozone depletion and global warming potentials, 
and operate at about half the pressure of HFC-134a, so efficiency will be higher," says Shea. 
The compressor works by gradually squeezing the refrigerant into an ever-smaller space be- 
tween the rotor and the inner housing wall (see illustration). As the distance decreases, pres- 
Sure increases. Vaporized refrigerant enters the inlet at about 35 psi and is swept through 
270 degrees by one of the four vanes; at the outlet its pressure has reached 125 to 150 psi. 
The refrigerant is then liquefied in a parallel-flow condenser and boiled in a conventional 
evaporator. The gap between the housing and the vanes is the critical element in the com- 
pressor's design, which Shea says "is a few thousandths of an inch" and still needs to be op- 
timized for durability and efficiency. He adds that the durability goal is an estimated life of at 
least 10,000 hours, which is equivalent to 250,000 miles at an average speed of 25 mph. 

Wind-tunnel tests show the system will be about five percent more efficient than a HFC- 
134a-based air conditioner with a conventional compressor, says Shea. In addition, the com- 
pany has tested four prototypes in a pair of Dodge Shadow coupes that perform as well as 
standard CFC-12 units, but with a slight improvement in fuel economy.—B. N. 
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APV minivan. Between its two sheets 
of glass is a multilayer metallic coat- 
ing that reflects or absorbs 60 percent 
of the sun’s infrared radiation so that 
the minivan can keep cool. Further in 
the future, we may see glass that au- 
tomatically darkens in bright sun- 
light both to reduce the load on the 


air conditioner and keep a constant 
light level on the driver’s eyes. 

These are but the first tentative 
steps on the journey to doing away 
with CFCs in automotive air condi- 
tioners. It is expected that as experi- 
ence and familiarity with the new re- 
frigerant and equipment grow, so will 


ideas on how to optimize and refine 
the equipment. Hollasch describes 
present systems as fully developed: 
“There are fifty years of technological 
development built up in CFCs and 
automotive air conditioning. We're 
trying to replicate that sophistication 
in a few years."—Brian Nadel 


REFRIGERATORS THAT 
STAY COOL WITHOUT CFCs 


hey're not much to look at. 
Maybe that's why refrigera- 
tors, ubiquitous and seem- 
ingly innocuous, haven't at- 
tracted much attention during 
the last 30 years. But the 
next few years will be different. The 
20,000 refrigerators produced in the 
United States daily will have to un- 
dergo radical transformations. Manu- 
facturers will be replacing current 
ozone-zapping refrigerants with alter- 
native chemicals. By the mid-1990s, 
fundamental changes in refrigerator 
designs and materials will come. 

In a $700 refrigerator, chlorofluoro- 
carbons weigh only a few pounds and 
cost about $10. Yet CFCs are essen- 
tial components. CFC-12 is the work- 
ing fluid in a conventional refrigera- 
tor's vapor compression cycle, and 
CFC-11 is a blowing agent used to 
produce the foam insulation for the 
refrigerator's shell. Both chemicals 


destroy ozone. About five percent of Xd 


all CFCs produced are used in domes- 
tic refrigerators and freezers. 


efrigerators also consume 20 

percent of household electricity, 

much of which is produced by 
burning fossil fuels that release car- 
bon dioxide and contribute to global 
warming. 

Several states and the federal gov- 
ernment have set stringent mini- 
mum-energy-efficiency standards 
that will require refrigerators to use 
25 percent less electricity by 1993. 
Until recently, refrigerator manufac- 
turers have been able to boost effi- 
ciency by using more CFCs. Now they 
must develop alternatives that are 
not only harmless to the environment 
but also meet energy-efficiency goals. 
This is an enormous challenge for 
companies that ordinarily devote 
their research to features such as ice 
makers and defrosters. 

[Continued on page 90] 


TWO-CYCLE REFRIGERATORS 


DUAL-LOOP TWO-COMPRESSOR 
REFRIGERATOR 


LORENZ-CYCLE 
REFRIGERATOR 


STANDARD ONE- 
EVAPORATOR 
REFRIGERATOR 


Dual-loop refrigerator design 
(left) would split the vapor com- ES 
pression cycle into two separate = 
loops—one for the freezer and COMPRESSOR 
one for the cooling compart- 
ment—each with its own evaporator. Some 
designs call for two condensers and com- 
pressors as well. 

Another type of two-evaporator system 
(right) would use a non-azeotropic refriger- 
ant mixture—a blend of chemicals that nor- 
mally evaporate at different temperatures 
but in combination evaporate over a range 
of temperatures. “One element of the mix- 
ture basically does all the work in the freez- 


TOM WHITE 


er, and the other element does 
all the work in the refrigerator,” 
explains John S. Hoffman, direc- 
tor of the EPA's Global Change 
Division. 

Named the Lorenz cycle, after the German 
scientist who invented it 15 years ago, this 
system is 20 to 25 percent more efficient 
than a standard refrigerator, which wastes 
energy by chilling air in the freezer before 
blowing it into the cooling compartment. And 
unlike a conventional refrigerator, the 
Lorenz cycle doesn't dehumidify the cooling 
compartment. “It will be much friendlier to 
your vegetables,” says Hoffman.—D.S. 
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SPOTLIGHT 
ON THE 


STEALTH 


FIGHTER 


No longer a phantom, the F-117A has emerged from the shroud 
of Air Force secrecy. A POPULAR SCIENCE correspondent was on 


hand to get a close-up look. 


t was 9 a.m. on a Saturday, and 
2,000 people were scanning the 
overcast northern sky just above 
the mountain range 20 miles be- 
yond the runways of Nellis Air 
Force Base in Las Vegas. 
At 9:05 a.m. two specks popped 
into view. Specks that soon re- 
vealed themselves to be so angular 
that they challenged all notions of 
what a modern fighter plane should 
look like. For 10 years, the existence 
of the F-117A was as ghostly as the 
plane’s image on a radar screen. Now, 
for the first time, the Air Force has 
taken the wraps off its top secret 
stealth fighter. 

There was an eerie whine as the 
lead aircraft, piloted by Capt. Randall 
Peterson, made a pass 58 feet above 
the runway and did a go-around. Then 
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By J. T. JOHNSON 


Maj. Steven Charles brought his plane 
in for a landing, making about as 
much noise as a city bus accelerating. 
Peterson soon landed, and both pilots 
taxied to the apron. Later, the pilots 
were joined by other fliers from their 
unit, the 37th Tactical Fighter Wing. 
The pilots agreed that despite its 
unusual appearance, the plane han- 
dles like any other fighter. “It’s simi- 
lar to the F-16,” Capt. Joe Salata said. 
Absolutely no difference? Not quite. 
All the F-117As are single-seaters. 
That means that while much of the 
flight training is done in a simulator, 
the first time a pilot flies the craft he’s 
solo all the way. “You can’t see much 
of the fuselage,” said Capt. Philip W. 


McDaniel. “It feels like you're on the 
tip of a spear.” 

Photographs don't begin to capture 
its severe angularity. The “faceting,” 
as wing commander Col. Tony Tolin 
called it, is undoubtedly a key compo- 
nent in the plane's “invisible man" act. 

Any radar signals not absorbed by 
the craft's paint and skin would 
bounce back a signal that would ap- 
pear to be unrecognizable “noise.” 

The deflective and absorptive abil- 
ity of the skin can be "tuned," but 


ij 


PET IN 


In-flight photos of the F-117A reveal faceting 
details that seem to defy the conventions of 
aeronautical design. The refueling shot (right) 
shows the relative size of the fighter and the 
tanker, a wide-body DC-10. 


whether this refers to the recipe used 
to produce the matte-finish black ma- 
terial, or whether the facet angles can 
be varied on the ground or in flight, 
the Air Force won't say. The leading 
edge of the wings—like every angle 
on the craft—tapers to a knife edge 
instead of the rounded form usually 
thought necessary to provide lift to an 
airplane. 

A sawtooth treatment on the back 
edge of the cockpit side windows and 
on the bottom of the windshield also 
is thought to dissipate radar signals. 


he intake ports for the F-117A's 
two GE-F404 engines are covered 
with a radar-absorptive compos- 
ite grid that blends into the lines of 
the wing/fuselage. Exhaust from the 
non-afterburner engines is deflected 


upward through a series of ports 
stretching along both sides of the rear 
fuselage on the $106.2 million plane 
Both intake and exhaust ports are posi- 
tioned to eliminate or minimize hot 
spots picked up by infrared detectors. 

The resulting stealthiness was the 
reason two F-117As were used to drop 
two 2,000-pound bombs with “pinpoint 
accuracy,” during the October invasion 
of Panama. In fact, one of the bombs 
fell “way off target,” and by April, De- 


fense Secretary Dick Cheney was de- 
manding the Air Force explain the 
earlier claims. 

Also in mid-April, with Congress de- 
bating the defense budget, specifically 
that of the F-117A's cousin, the B-2 
stealth bomber, Air Force command- 
ers hoped a demonstration of the 
F-117A would help their cause. But a 
week after the fighter's showing, Che- 
ney asked Congress to fund 75 B-2s, 
not the 132 originally sought. LPB} 
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SCOPES 


A bright new generation 
of microscopes will focus on 
secrets of the cell. 


By ARTHUR FISHER 


hey said it couldn’t be 
done. The laws of physics 
just wouldn’t permit it. 
You absolutely, positively 
could not build a light mi- 
croscope that could see 
things smaller than, say, 
'"wso» inch in size. That 
meant light microscopes could not 
visualize some viruses, much less 
molecules. 

But now a new generation of micro- 
scopes is beginning to appear in labo- 
ratories around the world. They use 
light to image their subjects, yet 
these “superscopes” have seen objects 
10 times smaller than once thought 
possible. And their inventors believe 
that achievement can be improved 
many-fold. 

The benefits anticipated from these 
new instruments range from studies 
of the surfaces of living cells to the 
nondestructive inspection of ever- 
shrinking microelectronic devices. 
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The light microscope I saw at Cornell 
University has been used to examine 
viruses and muscle cells, integrated 
circuit chips, and geological mineral 
specimens that could provide clues to 
oil-bearing deposits. It could even im- 
prove the detection of diseases by 
high-resolution imaging of tissues 
stained with diagnostic dyes. 


he key to their once-impossible 
performance is that the new in- 


struments use light, but do not 
use lenses. Instead, their geometry 
permits them to gather light just af- 
ter it has passed through an extreme- 
ly narrow aperture. Just how does 
this arrangement allow an apparent 
violation of the laws of optics? Pro- 
fessor Michael Isaacson of Cornell ex- 
plained the basic principles as we sat 
in his laboratory. The instrument, 
which has been called variously a su- 
peroptical microscope and (more 
properly) a near-field scanning optical 


microscope, or NSOM, looked much 
like the seemingly chaotic jumble of 
electronics and stainless-steel plumb- 
ing that can be found in most modern 
labs. 

Isaacson has been teaching a 
course at Cornell in something he 
ocharacterization—the abil- 
A be things that are smaller 
than centimeter on a side. “It’s 
an interdisciplinary 
“that involves ph 


ics, chemistry, electrical engineering, 
mechanical engineering, materials 
science...” 


And that pursuit naturally involves 
the instruments that can image mi- 
croscale objects. “My main interest is 


essentially looking into the physics of 
building novel microscopes...I’m a 
gadgeteer, for lack of a better word... 
In my course, we try to make compar- 
isons of different instruments. A lot of 
my students will be going into indus- 
try and will be responsible for decid- 
ing which half-million and million- 
dollar instruments they should order 
to solve a particular problem.” 


erhaps the most important basis 
P for comparison of the many 

kinds of microscopes now avail- 
able is resolution—the ability to dis- 
tinguish one microscopic object from 
another. (If resolving power is low, no 
amount of increased magnification 


JOHN B. CARNETT 


will help; that's why the high magnifi- 
cations of some cheap children's micro- 
scopes—500x to 1,000x, for example—are 
misleading. At those magnifications, 
the instrument is simply blowing up a 
blur.) 

The resolving power of any instru- 
ment is limited by the wavelength of 
the energy it uses to image a small 
object. For a conventional light micro- 
scope—one using lenses—that limit is 
about half the wavelength of visible 
light, which ranges from about 400 
nanometers (billionths of a meter) for 
violet light to 700 nanometers for red 
light. “That translates, Isaacson says, 
“to the order of a half a micron or so.” 
(Physicists use a somewhat confusing 


medley of units in measuring light 
and the size of microscopic objects. A 
nanometer is one-billionth of a meter, 
about 400 millionths of an inch; a mi- 
cron is one-millionth of a meter. An 
angstrom—symbol A, named after a 
Swedish physicist—is 
one 10-billionth of a meter, or one- 
tenth of a nanometer. So the wave- 
length of violet light is also written 
4,000 A. All clear?) 


T o achieve a higher resolution, an 


instrument must use shorter 

wavelengths of energy—the path 
that led to electron microscopes in all 
their varieties and most recently to 
the scanning tunneling microscope 
and the atomic force microscope 
[*Seeing Atoms,” April '89]. 
As my students and I compared 
various instruments,” Isaacson says, 
“we saw that the instruments nor- 
mally used for getting high resolu- 
tion were also the ones that necessar- 
ily damaged the objects you were 
looking at. But if you look at instru- 
ments that are completely nonde- 


Cornell University’s Michael 


Isaacson playfully peers 
through a magnifier alongside 
the near-field scanning opti- 

cal microscope, whose 
acronym, NSOM, appears in 
the scope’s image (inset). 
The aluminum forming the 
letters is only 250 
angstroms thick. 


structive, like the normal light micro- 
scope, you're limited by the fact that 
they have very low resolution. To get 
better resolution, you go to lower 
wavelengths: You go from photons of 
light to electrons to ions—the key is 
reducing the wavelength of the parti- 
cle." The catch is a fundamental rule. 
If you reduce the wavelength, you in- 
crease the energy of the radiation. 
And the higher the energy, the more 
damaging it is. Also, some of these 
techniques mean having to place the 
specimen in a vacuum, which adds to 
the damage to biological subjects. 

“Even when people use light nonde- 
structively, if they want to get a little 
bit better resolution, they go to ultra- 
violet light. Short-wavelength UV, say 
down to 2,000 angstroms, is OK for 
some things, but it's destructive for 
biological specimens." 

It would seem, then, that if the goal 
is to visualize biological systems with 
the least injury to their structure 


POPULARSCIENCE JULY 1990 | 67 


—meaning without ionizing radiation 
and without having to operate in a 
vacuum—high spatial resolution and 
the ability to see superfine details of 
that structure must be sacrificed. 


ut there is a way around that 
E obstacle. It has to do with the 

fact that it's actually the lens in 
an optical microscope that imposes 
the limit. The lens focuses light in a 
region relatively far from the object. 
By the time light has reached this re- 
gion, called the far field, it has spread 
out, or diverged, from a narrow beam, 
and the laws governing the relation of 
object size and wavelength hold. 

But suppose the light is made to 
pass through a tiny aperture, much 
smaller than the light’s wavelength. 
And suppose that light is scanned 
very close to the aperture —much less 
than a wavelength away—in a region 
called the near field. Then the beam 
of light does not have a chance to di- 
verge; in the language of physics, it is 
collimated to the diameter of the 
aperture itself. Because this collima- 
tion effect is independent of wave- 
length, the resolution limit character- 
istic of conventional microscopes with 
lenses does not apply. 

Isaacson uses a simple analogy: 
“Let’s look at a garden hose with a 
nozzle of a certain diameter. I shoot 
water through the hose. If I stand 
three feet away from the nozzle, I'm 
just sprayed all over. But if I get very 
close to the nozzle, I'm sprayed with a 
stream of water whose diameter is 
only as wide as the nozzle's aperture. 
The same thing happens with light. 
Very close to the hole, in the near 
field, the light beam is defined only 
by the size of the hole, not by the 
wavelength. So I get around the limit. 
I have a way of getting a beam of 
light that is much smaller than a 
wavelength. 

“So instead of focusing light with a 
lens, I take the light, pass it through 
a very narrow aperture, and put my 
sample so close to that aperture that 
the light beam doesn’t have a chance 
to spread out.” 

To generate a picture of the subject, 
which of course is far larger in extent 
than the ultra-narrow beam of light, 
the beam is scanned over the subject’s 
surface and the light thus transmit- 
ted through the sample is collected by 
a microscope objective in the far field 
and fed to a photodetector. An image 
is built up a line at a time on a video 
monitor—the only thing Isaacson ac- 
tually looks at. This raster pattern is 
the same as the one that produces an 
image on a TV screen. In some ver- 
sions of the instrument, the subject is 
moved for scanning itself. 
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The business end of Cornell's near-field optical 
scanning microscope is a glass pipette drawn to a 
narrow tip with a tiny hole in the end, above. At 
other laboratories, the fluorescence of a tiny crys- 
tal of anthracene (glowing blue, right) is used to 
get more light through. 


In practical terms, the dimensions 
involved are breathtakingly small. 
For optimum results with visible light 
of about 5,000-A wavelength, and an 
aperture of about 500 A, Isaacson and 
his colleagues must be able to position 
the sample within a couple of hun- 
dred A. Moreover, they must be able 
to control that position precisely, to 10 
A or so (the average diameter of an 
atom is one to three A) and move the 
scanning stage in steps at least one- 
half smaller than the aperture. 

Isaacson points out that Cornell’s 
near-field microscope has been under 
development for about seven years. 
But the concept underlying near-field 
instruments was first advanced by 
physicist John O’Keefe in 1956. The 
validity of the technique was con- 
firmed in 1972 by E.A. Ash and 
G. Nicholls using microwave frequen- 
cies. But incorporating the basic prin- 
ciple into an instrument using visible 
light had to wait more than a decade, 
says Isaacson, because techniques for 
micropositioning and aperture fabri- 
cation had to be improved by four or 
five orders of magnitude. 

It’s easy to bandy the phrase “a 50- 
nanometer aperture,” but the true di- 
mensions of the problem sink in when 


you realize that Isaacson is talking 
about making a hole that is about "1,000 
the diameter of a human hair, and 
then finding a means to pass light 
through it. 


he technique for making such 

holes, however, is similar to that 

used in making the micropipettes 
—which are called catch clamp 
pipettes—that biologists use to probe 
the interiors of cells, and it is almost 
brutally simple. A hollow glass capil- 
lary tube is heated in the middle until 
the glass softens, and is then pulled 
apart until the ends are drawn to 
an extremely fine diameter and the 


two pipettes so formed break apart. 

“We developed our own little ma- 
chine to do this and were going to 
patent it until we learned that biolo- 
gists can buy an off-the-shelf machine 
for about a thousand dollars that does 
the same thing,” says Isaacson. “You 
can taper the glass right down to the 
end, and draw it so you have a very 
long tip with a hole in the end. Then 
you evaporate aluminum so that you 
deposit a very thin metallic coating 
on the side of the tip and on the flat 
part of the end wall. That ensures 
that the light has nowhere to go ex- 
cept out the very narrow hole.” 

The light source is a light-transmit- 
ting fiber-optic strand placed inside 
the pipette. 

The pipettes I saw were 
slender, glistening tubes of 
glass with tips that seemed 
thinner than spider’s silk. 
When I peered at the ends 
to see if I could make out 
the holes, Isaacson said, 
“You can't see them. They 
are much smaller than 
the wavelength of visible 
light, so you can’t see them 
in visible light.” The photo 
of a pipette tip showing 
the aperture that appears 
in these pages was made 
not with visible light, but 
with a scanning electron 
microscope. 

The achievement of 
Cornell's near-field micro- 
scope so far is a resolution 
at least 10 times better 
than the limit for conven- 
tional optical microscopes. 

“Right now,” says Isaacson, “using 
light of 550 nanometers—that’s 
greenish-yellow—we can get about 
forty-nanometers resolution. That’s 
about one-twelfth of the wavelength. I 
think we can get down to one-twenti- 

, eth, and maybe even to one-fiftieth of 
the wavelength. So we're not going to 
be able to see atoms, like an STM 
[scanning tunneling microscope]. But 
the thing is that it’s an optical tech- 
nique—using light. And light is the 
key. 

“How far down can you go? One of 
the things that limits you is that the 
smaller the aperture, the less light 
goes through, because the wavelength 
of the light is so much larger than the 
opening. Maybe you get out only one 
ten-thousandth of the light you put 
into the tip. So eventually you reach a 
fundamental limit: The amount of 
light going through is so small that it 
becomes undetectable.” 

One effort to grapple with that lim- 
it is under way in laboratories at 
Hebrew University in Jerusalem with 


a team headed by physicist Aaron 
Lewis, and at the University of Mich- 
igan with professor of chemistry Raoul 
Kopelman. Their technique, Kopelman 
told me, relies on the production of 
entities called excitons, which exist 
and travel only within crystalline 
solids. 

“It’s very tough to stuff light 
through a narrow opening,” says 
Kopelman. “Photons don't want to get 
squeezed through. But if we repack- 
age the light as excitons, there is no 
longer a problem about passing the 
bottleneck. Excitons are traveling 
packets of energy, but they transfer 
no mass and no charge. Unlike pho- 
tons, they cannot travel in a vacuum. 


Near-field resolves objects 10 times 
smaller than do normal optical scopes. The trick is 
to pass light through an than 
the of visible light and then use it to 
iil lore hc to diverge. Tn e cue 
a to 
is much smaller than the actual one. 


When a molecule or an atom in a 
crystal is bombarded with energy 
and becomes excited—that is, one of 
its electrons jumps to a higher ener- 
gy state—the electron stays where it 
is with the molecule or atom. But 
when the electron drops back down 
to its original energy level, an exciton 
can hop over to the next molecule 


and transfer the energy.” 
0 the exciton and a photon is 

size. Because of the dual 
wave/particle nature of light, the size 
of a photon of light is comparable 
with the light’s wavelength—about 


ne of the differences between 


400 nanometers for the shortest- 
wavelength visible light. But the size 
of an exciton is on the order of a 
molecule, perhaps a nanometer. 
T ty, Kopelman, Lewis, and their 
colleagues used an ingenious 
stratagem. They plugged the 50- 
nanometer hole of a glass pipette tip 
with a tiny crystal of anthracene 
grown there. Anthracene is an organ- 
ic substance derived from coal tar, 
and it was chosen because it is known 
to fluoresce under the appropriate 
stimulation. When the experimenters 
beamed a ray of ultraviolet light from 
an argon-ion laser down the pipette, 
it set off a train of excitons 
inside the crystal. The exci- 
tons passed easily through 
the tip until they reached 
the boundary of the solid 
crystal. 

*Excitons always die," 
says Kopelman. “They 
have a lifetime of about 
five nanoseconds. And this 
crystal has an efficiency of 
one, which means that ev- 
ery exciton that dies be- 
comes a photon. So we get 
the excitons through the 
hole, they turn into light, 
and the anthracene fluo- 
resces." (The result can be 
seen here in the photo of 
the tip, with the crystal 
emitting blue light.) 

The net effect, says 
Kopelman, is to be able to 
build a near-field micro- 
scope that is much brighter 
than was previously possible. Light 
intensity decreases exponentially 
with the decreasing diameter of the 
aperture when light is used. But the 
excitonic approach means that the 
light intensity should decrease only 
geometrically for the same aperture 
reduction. In preliminary experi- 
ments, the Michigan and Jerusalem 
researchers found that up to three 
times as much light emerged from the 
pipette tip with this method as from a 
hollow tip with the same size hole. 

“I believe," Kopelman says, “that 
we have a technique that can eventu- 
ally use visible light to image objects 
down to the size of molecules—on the 
order of ten angstroms.” 

Moreover, the availability of such 
minute yet relatively bright light 
sources opens the possibility of signif- 
icant advances in integrated optics. 
Cheap, compact short-wavelength 
light sources could replace light-emit- 
ting diodes and diode lasers in optical 
computers, with considerable gains in 
size and efficiency. Ge) 
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o take advantage of this proper- 


JANA BRENNING 


DADDY LONG LEGS shuffles along with a majestic 
gait on four telescoping legs, avoiding the 
throngs of pedestrians at sidewalk level. While 
it offers a commanding view ahead at full 
extension, it can also stoop to avoid head- 
banging altercations with overhanging branches. 


HEY! YOU TAKE THE WHEEL goes beyond the 
drive-by-wire concept, combining turning, accel- 
erating, and braking into a single wireless 
remote-control module that replaces the steering 
wheel. How do you keep it from being 
stolen by roving joy riders? When you park, 
take the steering wheel with you. 


PHOTOS BY JOHN B. CARNETT 


In Toyota’s Idea 
Expo vehicle 
competition, 

teams are dis- 
qualified for 
being too 
serious or 
practical. 
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With driving and steering available literally for 
the asking at any or all of the four wheels, the 
VOICE COMMAND VEHICLE may be the ultimate 
parking-lot guerrilla. The biggest current hangup 
in development: filtering out the wishes of back- 
seat drivers who insist on thinking out loud. 


m 


Noise pollution emitted by gridlocked drivers is 
converted to useful energy by the SCREAMER, a 


single-seater that regulates speed entirely by 
the volume of the driver's voice. It works 
equally well in all languages, but self- 
control is strongly advised. 


CARS 


"As 


Holy outback, Martha! It's the rarely seen 
mating ritual of all-terrain vehicles! With two 
frames and nine wheels, the NEW WALKER 
leapfrogs one set of wheels at a time 
fo amble over obstacles or turn in its 
own length, 


Forget about all-wheel drive, we've got bowling- 
ball locomotion here! TETRA scoots in any 
direction on motor-driven spheres. A trio of 
support arms and fully independent drive 
motors eliminate the need for any sort of 
conventional steering mechanism. 


~ 


Tve always figured that if you told a 
group of car engineers to put all seri- 
ousness aside, they’d end up drawing 
computer-generated happy faces on 
their pocket protectors. The winning 
entrants in a contest for Toyota engi- 
neers and technicians disprove my the- 
ory, though, with high-smileage alter- 
natives to everyday transportation. 
Toyota sponsors the contest to encour- 
age its engineers to stretch their im- 
agination.—Norman S. Mayersohn 
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CAR MAKERS 
RACE TO 
PRODUCE 
TWO-STROKES 


Small in size but big in output, new two-stroke engines prom- 
ise a generation of tiny, super-efficient cars. 


By DAN McCOSH 


he significance of that mildly 
decrepit Ford Escort driving 
down a snow-dusted road in 
central Michigan wasn't ap- 
parent to the impatient pick- 


up truck driver hanging close 
to my back bumper. The tailgater saw 
only an entirely unremarkable auto- 
mobile from the outside, but under 
the Escort's hood was a tiny 1.3-liter 
two-stroke engine. This experimental 
engine has become the centerpiece of 
a feverish competition among engi- 
neering teams around the world to 
build a practical two-stroke power 
plant. 

The truck driver was irritated be- 
cause I was slowly accelerating from 
about 20 mph in fourth gear, deliber- 
ately lugging the prototype engine at 
a speed that normally would have the 
car snapping and jumping like a dog 
on a leash. Instead, it was ticking over 
smoothly, barely accelerating, with an 
exhaust note that had a sharp edge 
but no trace of misfiring. If only that 
truck driver knew it was the meas- 
ured pace of automotive progress that 
was slowing his morning's work. 

Even if my tailgater was up to date 
on the latest technology developments, 
it might not have been obvious to him 
why there's suddenly so much inter- 


Orbital’s latest design is a one-liter 116-pound externally scavenged ^ Subarv's 1.6-liter V4 is reportedly slated for installation in a small pickup 
three-cylinder that tucks the scavenge pump behind the flywheel to keep truck by 1993. Less than 16 inches long from front to back, it uses a 
the overall package size small. Ovtput is 90 hp at 6,000 rpm. screw-type supercharger to produce 176 hp at 5,200 rpm. 
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est in this longstanding two-stroke en- 
gine technology. The simple answer is 
that because a two-stroke power plant 
ignites fuel and generates horsepower 
every time a piston comes to the top 
of its stroke, it can produce more pow- 
er per cubic inch of displacement than 
a four-stroke. It does not “waste” a 
stroke pumping out exhaust gases. 
Two-stroke engines are widely used in 
applications where light weight is a 
priority—everything from model air- 
planes to chain saws, and even a hand- 
ful of automobiles. 

The four-stroke engine used in to- 
day’s cars is something like a movie 
theater that clears all its patrons at 
the end of one showing before allowing 
any further seating. Two-stroke advo- 
cates say that’s inefficient—let the 
new crowd in before the previous pa- 
trons leave. But with the crowd com- 
ing and going all at once, maintaining 
control can be difficult. 

Up to now, most two-strokes have 
been extravagant with fuel, dumping 
prodigious amounts of the incoming 


The compact size of two-stroke engines makes a tiny roadster 
like the GM Micro possible. A conventional four-stroke engine 
of the same power would overflow the engine compartment. 


air-fuel mixture out the exhaust ports 
unburned, making them both ineffi- 
cient and extremely poor on emissions. 
Much of the promise of a two-stroke 
revival results from advances in mi- 
crocomputers that make possible elec- 
tronically controlled direct fuel-injec- 
tion systems. The precise metering of 
these fuel delivery systems ensures 
clean, efficient combustion under all 
driving conditions. 


lay two-strokes are being touted 
i as the engine of the future—inex- 
pensive, lightweight, and compact 
because, in most cases, they do away 
with conventional camshafts, timing 
chains, and valves. In recent months, 
General Motors, Ford, Chrysler, Toy- 
ota, Subaru, Peugeot, and Volkswagen 
have given at least a teasing peak at 
their two-stroke research—some of it 
aimed at putting a mass-produced two- 
stroke engine on the road by the mid- 
1990s. 
But there also are lingering doubts, 
reinforced by the recent sight of East 


ROGER METCALF 


German two-stroke Trabants crossing 
the border when the Berlin wall came 
down, puffing like a long row of 
smudge pots in a frostbitten orchard. 
Even more significant are the techni- 
cal reservations over the two-stroke's 
potential superiority compared with 
advanced-concept four-stroke designs 
also anticipated by the mid-1990s. The 
uncertainty of future exhaust emis- 
sions regulations, especially over a 
100,000 mile life span, has also kept 
engineers from throwing their entire 
research budgets toward two-stroke 
development. 

The engine that started the furor 
—a prototype two-stroke developed by 
Australia’s Orbital Engine Co.—was 
unveiled five years ago by inventor 
Ralph Sarich [“Can the Two-stroke 
Make It This Time?" Feb. '87]. It fea- 
tures a unique low-pressure, direct- 
injection fuel system. Orbital is ex- 
pected to begin building automotive 
two-strokes within a year at a new 
plant near Cass City, Mich. Develop- 
ment of the engine is ongoing in a 
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While the two-stroke cylinder head (left) contains no more than the fuel-injection hardware and a 


spark plug, a GM Quad Four head is comparatively tall and carries a large number of costly parts. 


Toyota’s supercharged 
in-line six is enormous 
and complex, but its 
smooth operation and 
impressive power lev- 
els could lead to us- 
age in a new full-size 
pickup truck. 


joint venture with Walbro Corp., a ma- 
jor manufacturer of automotive fuel- 
delivery systems. 

It was in Walbro’s dynamometer lab 
that I received a short course in what 
the modern two-stroke controversy was 
all about. 


tripped to its basics, the two- 
Sit: engine is deceptively 

simple. Each cylinder is closed at 
the top, with no valves or conventional 
air or exhaust passages in the cylin- 
der head. Air intake and exhaust flow 
occur through slotted ports in the cyl- 
inder wall that are uncovered by the 
piston near the bottom of its stroke: 
the exhaust port first, followed by the 
uncovering of the intake slot. After the 
exhaust port is opened, air pressur- 
ized in the crankcase blows into the 
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cylinder, displacing exhaust gases. 

This is also the stage where the 
Sarich engine design differs from your 
chain saw. Most two-strokes pump an 
air-fuel mixture through the crank- 
case rather than air alone as the Or- 
bital design does. In this new design, 
fuel is injected later in the rotation, 
after the air intake port closes, by an 
unusual fuel injector that blasts air 
through a small gasoline reservoir in 
the cylinder head. 

The air atomizes the fuel, while the 
fuel control system oversees both the 
shape and timing of the charge. By 
the time the charge is ignited at the 
top of the stroke, the fuel charge is 
theoretically capable of burning at an 
extremely lean mixture, ignited in 
layers, starting with a richer mix at 
the spark plug. This so-called “stra- 


tified charge” burning allows 
nearly complete combustion 
before the exhaust port opens 
—the secret to the engine's 
efficiency. 
It's a delicate balance to 
maintain, but my drive proved 
that the development process is 
well along. The prototype started 
at the first touch of the key, idling 
smoothly when cold, and the torque 
was comparable to the standard 1.9- 
liter Escort engine. The first hint that 
the engine was different came from 
the exhaust note when accelerating, 
a high-pitch drone I'd last heard on a 
run out to the pike beds in an alumi- 
num skiff. Another glitch: Accelera- 
tion runs were marred by the slow drop- 
off in rpm when the throttle was lifted, 
making quick shifts impossible. Still, 
the engine was tractable and drivable. 


hile convincing me of the two- 
Were: practicality, the drive 

did not reveal any inherent su- 
periority of this design. For that I had 
to lift the hood: It took a minute to 
appreciate the compact size of the en- 
gine. There was room for a small suit- 
case alongside the diminutive three- 
cylinder engine—in space saved when 
the original four-cylinder power plant 
was replaced. The small size and con- 
siderable weight savings—over 200 
pounds in this case—are the factors 
that excite most automotive engineers. 

The package seems ideal for a small 
economy car—which is where most 
auto makers investigating two-strokes 
seem headed. GM, which has licensed 
the two-stroke Orbital technology and 
incorporated it in an engine of its own 
design, displayed a prototype engine 
in a tiny roadster at the 1990 Detroit 
Auto Show. Ford, likewise, is working 
on a small car for the European mar- 
ket. Japan’s Subaru seems bent on re- 
viving a version of the two-stroke mini- 
car it had on the road through 1972. 

The high hopes for two-strokes have 
been derailed several times, though. 
Most of the technical issues over valv- 
ing, scavenging, lubrication, and ex- 
haust tuning were well in hand by the 
mid-1930s, but the promise of light- 
weight horsepower has been continu- 
ally thwarted by poor fuel economy, 
traceable to the basic concept of the 
engine. 

To allow an engine to fire every 
stroke, it must complete the power 
stroke, evacuate the exhaust gas, re- 
plenish the cylinder, and begin a com- 
pression stroke in about 270 degrees 
of crankshaft rotation. Much of this 
is attempted simultaneously, with a 
corresponding interference of one 
stage against the other. 

Two-stroke engine design thus con- 


centrates on gas-flow management, 
the art of simultaneously exhausting 
the cylinder on one side while admit- 
ting a fresh air-fuel charge on the 
other. Inevitably some mixing occurs 
as fresh fuel exits when the exhaust 
port opens or some leftover exhaust 
remains trapped after it closes. One 
solution proposed by designers in- 
volved directly injecting fuel into the 
cylinder, ending the crowd-mixing ac- 
tion during the intake-exhaust stage. 
Fresh air could do its thing, evacuat- 
ing exhaust and re- 


design issues remain unsolved. Vari- 
ous alternatives have to be weighed 
on the merits of cost versus efficiency, 
with numerous tradeoffs between per- 
formance and complexity. 


[he basic thrust of the Orbital pro- 
gram, currently licensed by both 
GM and Ford, is simplicity and low 
cost. Early Orbital designs used crank- 
case pressure (generated by the un- 
derside of the downward-moving pis- 
ton) to transfer air into the cylinder. 


percharging. The added bulk of the ex- 
ternal blower does increase the size of 
the engine, however, and that creates 

a packaging problem in small cars. 
Then Toyota threw them all a curve 
at this year’s Tokyo Motor Show when 
it casually unveiled an elephantine 
two-stroke engine based on a three- 
liter in-line six-cylinder block. The 
valve cover alone was nearly big 
enough to house Orbital’s diminutive 
engine, and an external supercharger 
added even more bulk. This Godzilla 
two-stroke produces 


charging the cylinder, 
then fuel would be ad- 
ded after the ports are 
closed. 

But to make this 
work over a full rpm 
range, the injection 
timing needs to be 
precisely controlled. 
Optimally, variable 
timing of all three el- 
ements of combustion 
—exhaust, air intake, 
and fuel injection— 
promises the most effi- 
cient burning of the 
fuel and correspond- 
ing lower exhaust 
emissions. The prob- 
lem was that no such 
control method ex- 
isted in the pre-micro- 
electronics era. 

Australian inventor 
Sarich was an early 
rotary-engine advo- 
cate and spent a 
dozen years attempt- 
ing to perfect a seven- 
lobe rotary engine 
similar in principle to 
the Wankel. Em- 
broiled in financial 


THE EXTREMES OF TWO-STROKE ENGINE DESIGN 


The simple and compact Orbital two-stroke (left) routes intake and exhaust 
airflow through port "windows" cut into the engine block cylinder walls. The 
opening and closing of the ports is regulated by the vertical position of the 
piston, while the fuel is sprayed directly into the combustion chamber by an 
air-assisted injector. In Toyota's two-stroke design, airflow is directed through 
conventional ports and valves in the cylinder head, assisted by a positive dis- 
placement supercharger. 


an astounding 235 
hp at 3,600 rpm, with 
a torque peak of 362 
pound-feet at 2,800 
rpm. With dual-over- 
head camshafts, four 
valves per cylinder, 
twin fuel injectors, 
twin air pumps, and a 
promise of new catal- 
ytic technology, it's a 
marvel of complexity 
—and obviously is not 
slated for a minicar. 
The existence of this 
engine has led to spec- 
ulation that Toyota 
is using two-stroke 
technology to develop 
quickly a truck en- 
gine competitive with 
a large-displacement 
V8, something it 
would need to enter 
the full-size pickup 
market. 

Inlet air is fed 
through a Roots-type 
blower, and lubrica- 
tion is via a wet 
sump. It's an interest- 
ing approach from the 
theoretical standpoint 


controversy, the origi- 

nal Orbital design died, but Sarich 
resurrected its fuel-delivery system—a 
low-pressure fuel-injection system that. 
blasts air and fuel together directly 
into the cylinder—and applied it to a 
simplified two-stroke design based on 
a three-cylinder Suzuki outboard mo- 
tor engine. It proved to be a great leap 
forward. 

"The difference was electronics," 
Roger Heimbuch, executive engineer 
for power trains at GM, told me. “To 
control combustion, you needed to con- 
trol the timing and spray pattern of 
the injection system carefully. It takes 
electronics to do that." Today elec- 
tronic direct-injection systems are a 
central theme in all the pending two- 
stroke designs, whether or not they 
use or license the Orbital technology. 

Beyond the agreement on the need 
for some kind of direct injection, other 


Timing of intake air and exhaust is 
via ports in the cylinder wall that are 
uncovered as the piston goes through 
its motions. It's a standard solution, 
common to outboards and model air- 
plane motors, but it has limitations. 

Using the crankcase as an air pump 
prohibits using a pressure-fed wet- 
sump lubrication system, so the early 
Orbital engines featured roller-bearing 
crankshafts and a total-loss oil sys- 
tem that threatened to pollute the cat- 
alyst with excessive oil. Chrysler re- 
cently showed a promising alternative, 
an engine that uses a belt-driven cen- 
trifugal supercharger (something like 
half a turbocharger) that routes in- 
take air clear of the crankcase and al- 
lows use of conventional bearings and 
a wet sump. This external scavenging 
design is a tidy approach and opens the 
possibility of future positive-boost su- 


because camshafts 
can provide more-precise timing of in- 
take air and exhaust than fixed ports 
in a cylinder wall. Furthermore, the 
elimination of the intake and exhaust 
ports that would normally surround 
the cylinders allows the engine block 
to be more compact. The engine's over- 
all height, though, is increased with 
the addition of a valve train on top. 

“We felt that there is a lubrication 
problem with the intake ports in the 
cylinder walls scraping oil from the 
rings," says Akihiro Wada, Toyota Mo- 
tor Co’s director of front-wheel-drive 
vehicles, arguing the case for the 
valve-in-head design. "Also, we already 
have the machinery in place to make 
such an engine." 

G. E. Hundleby, in charge of gaso- 
line engine research at Ricardo Engi- 
neering in England, argues for just 
[Continuedon page 94] 
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When this telephone ri gs, a builtsin»scree 
the callers number. identification i 

sial new service made possible by advanced ling sys- 
tems in the phone network. 


red in Westfield, N.J., so 
motified the Westfield po- 
ice that an arrest warrant had 
been issued. 
The wanted man later telephoned 
the Westfield Police Desk, said he was 
at home, and asked why the police 
were looking for him, Capt. John P. 
Wheatley noted. But one glance at a 
paperback-size box connected to the 
station's phone told Westfield officers 
the man was lying. The device dis- 
played the caller's telephone number 
—and according to the first three dig- 
its, which indicate the exchange, the 
man was in Plainfield, N.J., not West- 
field. “The telephone company in- 
formed us that the number was from 
a convenience store phone booth,” 
wrote Wheatley. The suspect was soon 
under arrest. 
The caller identification device used 
by Westfield police doesn’t require a 
special phone line, and the service 
— Caller ID—is now available to res- 
idential customers and small busi- 
= nesses. Phone companies claim that 

Caller ID, the most popular of a vari- 

ety of new “intelligent” services, not 
Husosatnuans only catches criminals and deters ob- 
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scene phone callers, but can even save 
lives. But not everyone agrees that 
Caller ID is a good idea. 

Others argue that the service 
threatens privacy by disclosing phone 
numbers, including unlisted ones, and 
might even endanger lives. For in- 
stance, a social worker who counsels 
disturbed patients, and sometimes calls 
them from her home, worries that a 
violent client will learn her number 
and thus her address. And a detective 
who does undercover work also fears 
his home number will be revealed. 
Balancing the privacy concerns of the 
caller and the person called is the 
challenge facing public officials who 
must decide the fate of this new 
technology. 

A primitive form of caller identifi- 
cation existed in the early days of tel- 
ecommunications. “You talked to an 
operator to make a call,” says Steven 
Zachok Jr., director of services and 
technical planning at Bell Atlantic. 
“The operator knew everyone's voice 
and often announced their calls.” But 
as the phone system grew, the human 
operator was replaced by mindless elec- 
tromechanical switches. “Tracing” a 
call through the maze of electrical con- 
tacts between two people meant keep- 
ing a caller on the line as long as 
possible. 


Two-party system 


In the mid-1980s phone companies 
began installing an internationally 
standardized system called Signaling 
System 7. The SS7 system increases a 
network’s efficiency by sending call 
setup information and voice transmis- 
sions along separate routes (see draw- 
ings on page 78). Each call message 
sent via SS7 includes the numbers of 
both parties. That information could 
be sold to customers, reasoned Bell 
Atlantic's New Jersey Bell, which be- 
gan offering Caller ID in Hudson 
County and Atlantic City in 1987 and 
throughout the state by 1988. In re- 
cent months Caller ID became availa- 
blein parts of Virginia, West Virginia, 
Maryland, Tennessee, and Vermont. It 
will soon be available in Florida. 

To view callers' numbers, which are 
transmitted during the lull between 
the first and second rings, custom- 


ers must subscribe to the ID service 
(about $6.50 a month) and purchase 
special hardware. Earlier this year, 
Northern Telecom introduced the Ma- 
estro, a $136 phone with a built-in dis- 
play panel (see photo). 

Sears and a variety of other stores 
also sell display units that connect to 
existing phones. Made by Colonial 
Data Technologies (CDT) of New Mil- 
ford, Conn., the add-on devices cost 
about $80 and store the numbers of 
answered as well as unanswered calls. 
That means you can call back the per- 
son who left an unintelligible message 
on your answering machine—as well 
as someone who didn't leave a message 
at all. 


Benefits... but at a price 


In New Jersey more than 40,000 
customers already subscribe to Caller 
ID. Police and fire officials, among the 
first to sign up, say the system has 
helped them curb false alarms—sav- 
ing taxpayers the expense of dispatch- 
ing emergency services. 

Schools and businesses have also 
benefited from Caller ID. St. Peter's 
College in Jersey City, for example, 
hasn't had any bomb threats since it 
began using Caller ID. Pizza parlors, 
florists, taxi services, and repairmen 
can also verify phone numbers, thereby 
reducing the incidence of phony orders 
and robberies. 

Most residential customers sub- 
scribe to Caller ID for a different 
reason—to cope with annoying or ob- 
scene calls. A 1988 survey of more 
than 1,600 New Jersey customers 
found that 42 percent had received an- 
noyance calls in the past year. “Just 
by having the service in place," says 
Zachok of Bell Atlantic, "the public is 
getting protection they didn't have 
before." 

But Caller ID doesn’t necessarily 
eliminate harassing calls. Anyone de- 
termined to remain anonymous can 
easily call from a pay phone. And ac- 
cording to its critics, Caller ID could 
actually cause more annoying calls to 
your home. How? 

Many large businesses with toll-free 
lines already use automatic number 
identification services (offered by long- 
distance carriers such as AT&T, MCI, 


E 


and US Sprint) to expedite telephone 
transactions. Call American Express 
or J. C. Penney to inquire about your 
account, and a representative usually 
has your name, address, and balance 
up on a computer screen before even 
answering the phone. That speeds the 
process, but it could work against you 
too. Ask for information about a prod- 
uct, and the request might expose you 
to future calls from a persistent sales- 
person. Worse yet, your number could 
be added to a telemarketing list sold 
to other companies. 


The NAACP and other organiza- 


tions fear the ability to trace num- 
bers could lead to discriminatory 
redlining. For example, landlords 


Northem Telecom's Maestro remembers the numbers of up to 15 unanswered calls. 
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| INTELLIGENT TELEPHONE NETWORK 
COMMON-CHANNEL SIGNALING. 


| In a conventional telephone network, dialing a number sends a signal 
| to the local central office. If the called party has the same exchange, 
| the call can be routed directly to his phone lil. If not, the call may be 
7 through another local office El or along a trunk li toa tandem 
central office linking local offices El. The multi-frequency signals trav- 


| ange). A conventional network is inefficient, because only about 70 
percent of all calls are completed. Yet calls that end with a busy signal 
or no answer still tie up the entire pathway between the two parties. 

An “intelligent” phone network, called Common Channel Signaling 

System 7, carries conversations along the same routes as in a conven- 

| tional network, but speech signals are held until both parties are on 

| the line. First, basic information about the call travels to a signaling 

transfer point (STP), a switch matrix that selects and confirms connec- 

tions between computerized switches at the central offices. When ev- 
erything’s ready, the STP activates the call. 


PN information (yellow) as well as the conversation itself (or- 


between the two parties consist of audible tones that carry the - 


$ 

The call-setup messages sent to the STP include the phon 
bers of both parties. Those data can be stored in comput r me 
slots at local central offices and passed along to customers who p 
special services. One memory slot holds the number of a cus 
last outgoing call; that can be used for automatic redialing (Rep 
Call). Another slot holds the number of the last incoming call; à C 
tomer can use it to return a call when he doesn't know who ci 
(Return Call). Or he can press a special code to have the numbe 
at a bureau that handles annoying calls (Call Trace). With 
the most popular service, a customer can have the numbers of in 
ing calls transferred to a display device in his home. 

Some memory banks at the local central office hold lists, 
than single numbers. A customer can store up to six numbers: 
of these lists: Call Block (calls from the designated numbers 
rejected), Priority Call (calls from these numbers are given a disti 
tive ring), and Select Forward (calls from these numbers are forwarded - 
to another phone).—D. S. 3 


F 


might opt to ignore calls from certain 
neighborhoods. 

Edward Martone, executive director 
of the American Civil Liberties Un- 
ion of New Jersey, says that Caller ID 
will also have a chilling effect on hot 
lines. “People will not make calls that 
they really should make,” Martone 
says. They might hesitate to report a 
neighbor for child abuse or call the 
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health department or tax office for in- 
formation, he says. “Not all people 
who make anonymous calls have il- 
licit purposes,” he adds. 

Martone also sees a contractual 
problem with Caller ID: “Folks who 
pay for a private line are paying ex- 
tra money for that service.” Caller ID 
leaks their unpublished numbers with- 
out compensation. 


“Think of a telephone as a door,” 
said Ian Craig, vice president of mar- 
keting for Integrated Network Sys- 
tems at Northern Telecom, upon in- 
troducing the Maestro Caller ID 
phone. “[Maestro] gives us a door with 
a peephole... It will soon be as un- 
thinkable to answer your phone with- 
out looking to see who’s calling as it 

Continued on page 95 


You’ve seen the price of new 
cars...they go up every year! Cars get 
flimsier...prices get higher..it never 
seems to end. There are lots of 
reasons to keep that nice car of yours 
on the road as long as possible. 


Car sales are down and Tufoil sales 
are up. People are smart...they're 
taking the economical way out and 
what could be easier than Tufoil. Just 
add Tufoil to the crankcase. You 
don't have to shake the container or 
add an engine flush. Just pour it in 
and drive away. 


Your throttle will get silky 
smooth...acceleration will improve. 
One customer said his car "takes off 
like a scared rabbit!" 


Tufoil works wonders for all known 
engine oils. It's actually slipperier 
than Teflon (according to a famous 
U.S. Government laboratory). 


You'll get astonishingly fast starts on 
cold mornings with both diesels and 
gas engines. The Canadian govern- 
ment tested Tufoil at it’s cold regions 
lab. They showed faster cranking and 
significant fuel savings with Tufoil. 

What about additives that claim to be 


a one-time treatment that will last the 
life of an engine? Well, I’ve been fol- 


lowing the scientific literature on Self the 


lubrication for a very long time. As 
far as I know, there isn’t a shred of 
scientific evidence for such a claim. 
So don’t believe it! 


FREI 


| gallon order. Values range from $3.98 to $9.95. 


I O TUFOIL Gun-Coat — Super rust inhibited, smooth action 
I O TUFOIL Compu-Lube — Low viscosity for computer 


mechanisms 


(3 TUFOIL Lightning Grease — Easily sheared grease for | 


l instruments 

a 

|  tubricant 

| EREE brochures . 

| E 30 Questions/Answers about TUFOIL 


O “Fun with Superconductors"—we're leading that field 


too! 
See NASA Tech Briefs for technical details, 
1986, 1987 and 1988. s 
©1987 Fluoramics, Inc. E 
FLUON" is reg TM of ICI Amencas inc 
FEFLON® ta reg. TM ot DuPont 


Other US Patents issued and pending 


Products based on TUFOIL technology. Check T 
one with each order of 2 bottles or a quart. Check 2 for each | 


TUFOIL Lubit-8 — General purpose, household use | 


CHANGE YOUR OIL 


INTO A 


use Tüfoil 


AND YOUR ENGINE 
WILL LAST... AND 
LAST...AND LAST! 


TREAT YOUR 
TO ONE 8 OZ. BOTTLE OF 
TUFOIL FOR ONE OIL CHANGE 


CAR 


You'll notice quieter, smoother operation, 


acceleration! If 
purchase 


describing the year 
of your car. We'll refund your $ 14.25 
immediately. 


formance. 
Orca TOLL 


day. 


1-800-922-0075. 
(in New Jersey, call 201-825-8110.) 


‘REE any time, 24 hours a 


rush my TUFOIL order: 
| 0 ONE8 oz. bottle... treat one car for 
l $14.25 (plus $3.50 shipping and 
handling). See money back 
guarantee. 


O TWO 8 oz. bottles . . . treat two cars 
tor $25.00 (plus $4.00 shipping 
and handling) SAVE $6.00 


O ONE Quart bottle . . . treat 4 cars 
for $34.95 (plus $4.00 shipping 
and handling) 

O ONE GALLON . . . treat 16 cars for 
$125.00 (plus $6.00 shipping and 
handling.) 

We ship within days! 
MONEY BACK GUARANTEE ON 8-0Z. 


“TUFOIL* 
SLIPPERIER 
THAN 
TEFLON®"' 


PATENTED ENGINE TREATMENT 


Stay in tune with your cart 


Engines last longer with Tufoil. Our 
1976 476 T-Bird is now at 190,000 
miles and purring. 

A bunch of customers’ cars have now 
passed 250,000 miles. 


Several months ago, a nice man I'd 
never seen before walked into my of- 
fice, big smile on his face, sat down 
and said, "Would you believe 340,000 
miles on a Tufoil engine?" He went on 
to rave about how well his engine has 
been running all these years. I 
couldn’t get a word in edgewise. 


Recently, a truck driver called in with 
over 1,000,000 miles on a diesel using 
Tufoil - WOW! 


Acustomer from Vermont added 10% 
Tufoil to his sticky mechanical trans- 
mission, called in and said he couldn’t 
believe it..."Shifting is like slicing but- 
ter now!" he said. 


SAAB owners are writing letters 
praising Tufoil in their "NINES" 
magazine. They report spectacular 
improvements in their engines and 
transmissions! 


Don’t forget! Tufoil is the result of 
over 15 years of research and develop- 
ment. The U.S. government has 
awarded us 6 patents so far...so have 
Germany, England, France and 
Canada. 
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he National Association of 
Home Builders reports that 
first-time home buyers to- 
day typically spend 33 per- 
cent of their annual house- 
hold income on housing; 
that’s up from 18 percent 
20 years ago. The result is 
that many would-be home buyers are 
priced out of the market; their dream 
of owning a home is simply that—a 
dream. 

Now a company called Acotec (Ad- 
vanced Construction Technology) in 
Scottsdale, Ariz., is seeking a market 
niche by making dreams of affordable 
housing come true. Acotec, a branch 
of a Finnish company with the same 
name, builds the equipment to make 
concrete tongue-and-groove panels, 
which are glued together to form a 
house. Construction takes little time 
—and little skill; it is well within 
reach of an average do-it-yourselfer, 
the company claims. 

The panels themselves are unusual. 
Natural fibers—rice husks, peanut 
shells, waste paper, wood chips—are 
mixed into the concrete. That light- 
ens the weight of the panels, increases 
their ductile and tensile strength, and 
enhances the workability: Conven- 
tional nails and screws can be used, 
and sawing is easier, explains Päivi 
Talonen, marketing manager of the 
parent company. Like conventional 
concrete, Acotec panels are noncom- 
bustible, weather resistant, and unap- 
petizing to insects. 

Natural-fiber concrete was devel- 
oped by Professor Asko Sarja, direc- 
tor of the Concrete Silicate Labora- 
tory at Finland's Technical Research 
Center in Helsinki. Sarja is a consult- 
ant to Acotec, founded in Finland in 
1986. The American company was 
launched two years later. It has a pro- 
totype manufacturing facility, formerly 
in California but now in Florida, and 
a demonstration house in Phoenix. 

In the manufacturing plant, wood 
chips—17 percent by volume—are 
mixed into the concrete. Panels two 
feet wide and three or four inches 
thick are extruded onto steel plates 
and cut to any length up to 10 feet. 
(Those used in the demonstration 
house are eight feet long and three 
inches thick.) Once the panels are 
cured and dried, they're shipped to the 
job site and glued together to form a 
house (see box). 

All else being equal, using wood 
chips in the concrete mix enhances its 
tensile strength and ductility by a fac- 
tor of two to three, depending on the 
specific mix, according to company 
tests. The reason, explains William G. 
Barrett, Acotec's technical supervisor, 
is that the cement in the mix bonds 
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HIGH- 


HOUSE 


Fiber-concrete wall panels containing anything from wood chips 
to peanut shells are glued together to form affordable houses. 


tenaciously to the wood fibers because 
of their porosity. Increased tensile 
strength means the fiber concrete bet- 
ter resists forces that would tend to 
pull it apart; enhanced ductility means 
it is not as brittle as conventional 
concrete. 

Compressive strength of the fiber 
concrete is about 15 percent lower than 
that of conventional concrete, Barrett 
notes. Panels used in the demonstra- 
tion house measure around 1,800 psi. 
"That's way more than adequate for a 
single-story house," he points out. 
The panels also can be used to con- 
struct two-story buildings, but Acotec 
does not recommend them for taller 
buildings. 

The house in Phoenix is built to Cal- 
ifornia's strictest seismic code, which 
meant placing the steel tie-down rods 
every four feet. These are not reinforc- 
ing bars; they anchor the roof to the 
foundation, but do not contribute sig- 
nificantly to the strength of the walls. 


Outside insulation 


Adding fiber to the concrete does lit- 
tle to improve its insulation value. The 
three-inch-thick panels used in the 
Phoenix house measure only R-2.23, 
so rigid foam insulation is added. The 
type and thickness can be chosen to 
suit the climate. Expanded-polystyrene 
insulation was used on the Phoenix 
house; R-values of the finished walls 
range from 11 to 14, and one section 


By CHERYL M. FIORILLO 


was left uninsulated for test purposes. 

The insulation is nailed to the out- 
side of the house. That puts the con- 
crete walls inside the insulation, where 
they serve as thermal mass. "The walls 
are slow to heat up and slow to cool 
down," says Barrett. In a climate like 
Arizona's, where days are hot but. 
nights cool, that can save significant 
energy by leveling out interior temper- 
ature swings. 

A modest 1,600-square-foot conven- 
tional house in Phoenix (not includ- 
ing the lot) costs approximately $38 
per square foot to build, according to 
R. L. Brown, publisher of the “Phoenix 
Housing Market Letter," a newsletter 
for builders. The Acotec demonstration 
house was built for about $25 per 
square foot (excluding the lot). 

The primary reason for the savings: 
reduced labor costs. "The Acotec house 
goes up about five times as fast as a 
conventional stud-wall or concrete- 
block house," Barrett says. Fewer work- 
ers are needed—and few high-priced 
skilled workers are required. 

Acotec has been approved by the De- 
partment of Housing and Urban De- 
velopment. That means government- 
subsidized low-interest loans can be 
used to purchase the homes. The com- 
pany has manufacturing plants slated 
for Detroit and Phoenix, and negotia- 
tions are under way to sell panel- 
making equipment to one California 
company and another in Georgia. Els 


Acotec fiber-concrete panels fit together, 
tongue-and-groove fashion, to form a house. 
The only tools needed are epoxy construction 
adhesive, pry bars, wood for bracing and shim- 
ming, and a 13-inch circular saw with dia- 
mond-tipped blades. (Carbide blades can be 
used but they'll dull faster.) 

An Acotec house starts with a concrete slab 
or foundation—conventional except for a 
recessed lip around its periphery. Steel anchor 
bolts are embedded in the lip. Once the slab 
is prepared, a crewman applies a bead of ad- 
hesive along the lip, then two workers lift an 
Acotec panel into place, starting at a corner. 
(Corners are simple butt joints formed with 
adhesive; the protruding tongue of one panel 
must be sawed off.) 

Next, steel tie-down rods are placed. One 
crewman raises the panel with a pry bar while 
a second steadies it. A third, on a ladder, drops. 
threaded steel rods through the hollow cores 
in the panel. (Rod spacing depends on local 
codes.) A fourth worker uses couplings to con- 
nect the tie-down rods to the anchor bolts in 
the slab. Temporary wood bracing holds the 
panel in place. 

Once two corner panels are installed, a 
double bead of adhesive is snaked along one 
panel's edge and two workers lift a third panel 
into place, pushing its tongue firmly into the 
mating panel's groove. Then tie-down rods 
are placed as before. The remaining panels. 


are then erected in a similar fashion. 

After the walls are up, an electrician runs 
the wiring through empty hollow cores in the 
panels (seen from the top in the lower right 
photo). Most water lines, too, are run through 
the cores. Waste lines run through the slab or 
basement. The roof is conventional: Wood 
trusses or rafters attach to a 2x4 top plate, 
which is drilled to receive the tie-down rods. 

Interior walls, also Acotec panels, are at- 
tached with special L-brackets, which are 
riveted to the floor. Inside walls are plastered, 
then finished with paint, wallpaper, or panel- 
ing. Rigid foam insulation is nailed to the out- 
side of exterior walls, then stucco, siding, or 
brick veneer can be put on to finish the house 
walls.—C. M. F. 
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L-BRACKETS SECURE 
INTERIOR PANELS 


TACKLING THE 


Mankind has deposited over 6.5 million pounds of garbage 
in space, and even microscopic bits of debris can disable 
spacecraft. Experimental defenses include sweaterlike 
shields and a“bomb shelter” for the space station. 


By MARK D. UEHLING 
Illustrations by Vincent Di Fate 
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he year is 2008. NASA's 
space station Freedom 
has spent a decade in or- 
bit without incident when 
an urgent message arrives 
from the ground. Missile- 
tracking radars at the 
U.S. Space Command have 
detected a two-inch piece of debris 
hurtling toward Freedom. The weight 
and composition of the fragment are 
unknown, but its speed is 15,000 
mph, indicating it could strike with 
the force of a steel safe dropped from 
a 10th-story window. The fragment is 
approaching so fast that the station 
cannot be moved out of its way, and 
NASA has no choice but to exercise an 
option known as the “Safe Haven.” 
Ground controllers order the astro- 
nauts to seek refuge in a specially 
fortified module—and prepare for 
the impact. 

“The worst case,” says Raymond 
Nieder, chairman of the meteoroid 
and debris working group at NASA's 
Johnson Space Center in Houston, 
*would be a piece of debris hitting a 
high-pressure storage tank." The 
tank might explode, venting its pres- 
surized contents, which could also 
erupt, causing additional damage. An 
explosion, Nieder explains, might 
“sever the truss structure, and you'd 
have several large pieces of the space 
station floating around in orbit." The 
astronauts could repair minor damage, 
he says, but a major rupture would 
probably force them to remain sealed 
in their Safe Haven, awaiting rescue 
by the space shuttle. 


fter years of protecting astro- 
Ae: and satellites from a 
variety of natural hazards, 
NASA now acknowledges that it must. 
also shield itself from the residue of 
30 years of human activity in space. 
More than 6.5 million pounds of man- 
made junk encircle our planet, clut- 
tering what once seemed empty and 
infinite, and every bit of the flotsam is 
a menace—moving at orbital speeds as 
high as Mach 20. The same military 
radars that scan the skies for signs of 
a Soviet attack also track the largest. 
and most hazardous chunks of space 
debris—some 7,200 items ranging 
from bobbled screwdrivers to defunct 
satellites. Just one could cause an 
accident comparable to the Challenger 
disaster, as a report to the National 
Security Council suggested in 1989. 
“Left unchecked,” the report warned, “the 
growth of debris could substantially 
threaten the safe and reliable operation 
of manned and unmanned spacecraft 
in the next century.” 
In April of this year, a congres- 
sional agency accused NASA of under- 


GARBAGE TRUCK OF THE FUTURE? 


ic Autonomous) 
by University of Arizotial jme 
graduate students, wouldsus and infrared "eyes" to locate 
debris. Pattern-recognition pi Bramming linked to a data base of 
known space garbage would then help the ASPOD identity 
the debris. 

Using two robotic arms guided by a stereoscopic camera, the 
ASPOD—powered by small hydrazine engines—would grab a dead 
satellite, for example, and cut it apart by focusing sunlight through 
lenses into a 700-degree-C point. After adding usable pieces to its 
solar collector and stashing the rest, the ASPOD would move to 
another target, working from higher to lower orbits. Eventually, 
ground controllers would order the ASPOD to sacrifice itself and its 
gleanings in a controlled atmospheric burn-up or ocean splashdown. 


Ramohalli and a corps of 


Ultimately, however, debris could become a resource to be recycle 
and used in space. 

An ASPOD couldn't safely retrieve radioactive debris or satellites 
containing unspent fuel, Ramohalli cautions. And because many 
chunks of junk spin in orbit, an ASPOD might have to avoid half of 
the larger pieces of space garbage. Nor would it be able to collect 
the tiny flakes comprising 99 percent of space debris. 

Ramohalli and sponsor Universities Space Research Associates 
hope to deploy a demonstration ASPOD by 1992. But technical 
monitor James D. Burke, at California Institute of Technology's Jet 
Propulsion Laboratory, says development typically takes five to 
seven years. Other NASA researchers are concentrating on debris 
prevention and don't expect to study removal methods for at least 
another decade.—Mark Holman Turner 


estimating the potential danger to the 
space station Freedom. The General Ac- 
counting Office said contractors hired by 
NASA to design Freedom were relying on 
an outdated 1984 model of space debris. 
The accounting agency recommended 
that NASA reassess the debris threat. 
before preparing the space station's final 
design requirements, due in July 1992. 
Ingenious NASA engineers expect 
to prevent a cataclysm by designing 
and deploying spacecraft that are able 
to avoid or survive the orbital bar- 
rage. In recent missions, ground con- 
trollers have taken pains to maneuver 
spacecraft out of the trajectories of 
well-tracked pieces of debris. Even- 
tually, NASA may also install on- 
board collision avoidance systems (see 
box, Headlights for Spacecraft). For 
the rest of the junk, NASA engineers 
are developing new materials and 
strategies to avoid the need to resort 
to the Safe Haven. Among the most 
promising ideas are stronger, lighter 
shields for spacecraft and satellites, 
including an unlikely armor—cloth. 
Relatively simple shields may suf- 
fice, because NASA officials are most 
concerned about the tiny bits of space 
junk, all smaller than four inches, 
that comprise 99 percent of man- 
made litter. By one projection, 3.5 
million particles—the legacy of hun- 
dreds of commercial, scientific, and 


military launches by the United 
States, the Soviet Union, and other 
nations—are suspended above Earth. 
These scraps are so plentiful that 
they may never be closely monitored. 

“We've given up trying to track 
anything smaller than ten centi- 
meters,” says Donald J. Kessler, 
NASA’s lead scientist for debris 
research at the Johnson Space Cen- 
ter. Like many NASA engineers, he 
observes that the odds of a serious 
collision with a large installation 
orbiting for decades are worse than 
those for short-hop vehicles like the 
space shuttle. “When you get some- 
thing the size of a football field,” says 
Kessler, “there is a good chance it will 
be hit.” 


he technical challenge of pro- 

tecting spacecraft against debris 

of all sizes is so daunting that 
many scientists in academia virtually 
rule out defensive measures. “My 
feeling is that there is very little that 
can be done,” says George B. Field, a 
professor of astronomy at Harvard. 
“These things are going at ten times 
the speed of a rifle bullet, and even a 
small piece causes great damage.” 
Fred Lamb, a physicist at the Univer- 
sity of Illinois and a Pentagon con- 
sultant, takes an even more pessi- 
mistic stance. A serious accident may 


be inevitable, he says. At orbital vel- 
ocities, each particle of debris is 
“basically delivering four times its 
weight in TNT. If it goes through a 
vital part of a space structure, it will 
obviously devastate it. There will 
surely be fatalities.” 

NASA records already suggest the 
destructive potential of the smaller, 
uncataloged bits of space junk. In 
1984 the Solar Max satellite was 
permanently disabled after thousands 
of collisions with what may have been 
nearly invisible pieces of rocket fuel 
or satellite fragments. Among the 
detritus that damaged the satellite, 
according to scientists who analyzed it 
later, were microscopic shards of hu- 
man urine. 

A year earlier, NASA had been 
forced to replace a $50,000 glass 
panel on the shuttle Challenger after 
a projectile traveling 8,000 mph left a 
pockmark in its windshield. The mini- 
ature missile turned out to be a fleck 
of paint, probably a byproduct of an 
explosion of the leftover fuel in a 
spent rocket stage. 

With future collisions virtually as- 
sured, researchers are studying ways 
to minimize their effects. The most 
enduring contribution to the art of 
protecting spacecraft from debris 
belongs to Fred Whipple, the 83-year- 
old Smithsonian astronomer best 
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known for his research on comets. As 
early as the 1930s, long before space 
flight, Whipple realized that a single- 
layer protective covering might be 
easily penetrated by just one tiny 
meteoroid. But he suspected that the 
extraordinary force of an impact could 
be spread over a large area by using 
two shields. The first would obliterate 
the particle, while the second would ab- 
sorb the diffuse force of the shattered 
fragments. 


ver the decades, as the dangers 
of man-made space litter grew 


more evident, NASA engineers 
began outfitting spacecraft with the 
double-layer system suggested by 
Whipple. The critical variables, they 
learned, are the thickness of each 
layer and the distance between lay- 
ers. These are calculated and recal- 
culated depending upon the size of 
the spacecraft and the particles it is 
expected to encounter. 

While the Whipple bumper has 
never failed catastrophically, it does 
come with liabilities that have en- 
couraged a new generation of NASA 
trouble-shooters to look for a better 
approach. The old system is extreme- 
ly heavy: Such protection for just one 
of the space station modules might 
weigh in at 3,000 pounds. Besides the 
difficulty of hoisting so much alumi- 
num into orbit, there is the sheer size 
of the thing: In effect, the space be- 
tween the layers and the rigidity of 
the metal both require NASA engi- 


neers to shrink whatever they are try- 
ing to protect. 

Even worse, the Whipple bumper 
exacerbates the problem it was 
intended to solve. With each violent 
impact, the shield sends a burst of 
aluminum fragments—bits of itself 
—into orbit. The Whipple bumper 
thus creates new debris every time it 
does its job. That troubles NASA, 
which has already forecast that the 
amount of man-made material will 
grow steadily in the years ahead, 
owing to greater human activity in 
space. “There’s a lot more junk up 
there than the old model predicted,” 
says Sherman L. Avans, the lead 
engineer with the Marshall Space 
Flight Center in Huntsville, Ala. “The 
Whipple bumper is not going to do the 
job in the new environment.” 

In its attempts to find a new sys- 
tem, NASA has tested modified Whip- 
ple bumpers made of graphite and 
Kevlar aramid fiber (the material 
used in bulletproof vests). At the 
moment, neither material seems to 
perform as well as aluminum, and 
both appear to eject bits of themselves 
when subjected to high-velocity 
impacts. NASA engineers have also 
proposed using baffles to deflect space 
debris, but such ploys would invar- 
iably weigh too much—and still con- 
tribute to the growing inventory of 
debris. 

Five years ago a pair of engineers 
at the Johnson Space Center won- 
dered if several thin layers of alu- 


is ees ea but creates additional 


A multi-shock bumper 


debris by shin 


made from ceramic fabric (left) shatters the 


projectile in stages, teri iens dcum wn cr wd 
Be rer tt cime usine o ms uia c rm 


and splatter it on a skillet, and it would stay there.” 
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minum or another material might 
solve NASA's problems. Research 
physicist Burton G. Cour-Palais, a 
veteran of the battle against debris, 
had worked on the Apollo and Skylab 
missions; research engineer Jeanne 
Lee Crews had been testing a variety 
of new materials for NASA and the 
Department of Energy. Both were 
familiar with the high-velocity guns 
used to simulate particles orbiting at. 
15,000 mph. After years of experi- 
menting, they settled on a shield 
consisting of four or five separate 
layers of a ceramic fabric called 
Nextel (see drawing). The tests now 
seem so promising that Cour-Palais and 
Crews have applied for patents on the 
design. 

Their idea is simple. Unlike a thick 
aluminum bumper, which discharges 
a significant amount of metallic de- 
bris on impact, the thin layers of cera- 
mic fabric administer a series of 
smaller shocks that produce fewer 
particles. 

The final specifications of any 
multi-shock bumper will depend on a 
lengthy list of considerations, includ- 
ing the size and nature of the space- 
craft, the duration and altitude of its 
mission, and the largest particle it is 
meant to block. In general, however, 
the layers of fabric seem flimsy, even 
diaphanous, considering the attack 
they must withstand. "They're so thin, 
you would intuitively say they're not 
going to work," Crews cheerfully 
admits. A multilayer shield designed 
to absorb particles '4 inch long “is 
probably the thickness of a wool 
sweater,” says Crews, the manager of 
the hypervelocity impact research lab- 
oratory at the Johnson Space Center. 
"That's one sheet. You'd have to use four 
of those." Those four *sweaters" could 
prove far easier to transport than a 
Whipple shield: The cloth might be 
rolled or folded during the launch, 
leaving more room for cargo. 


ASA managers, for their part, 

express admiration for the 

cleverness of the multi-shock 
scheme, but expect that it will re- 
quire additional testing before being 
formally adopted for Freedom or 
anything else. “It sounds like a good 
idea, and it looks like a good idea," 
says Avans, at the Marshall Space 
Flight Center, *but I don't want to 
commit to it until we have a chance 
to evaluate it." One way to minimize 
doubts about the new scheme may be 
to fuse it with the old, covering a 
traditional Whipple bumper with 
ceramic fabric. That combination might. 
offer all the dependability of alumin- 
um and the environmental advan- 
tages of cloth. 


None of the proposed shields, even 
the most impressive, will be cons- 
tructed to survive collisions with 
fragments more than an inch long. 
The U.S. Space Command—a mili- 
tary agency—generally doesn’t track 
pieces smaller than four inches, so 
NASA is experimenting with radar 
systems capable of detecting the 
intermediate-size particles that could 
devastate a shielded spacecraft. 


uring a recent evaluation of 

sophisticated radars in Gold- 

stone, Calif., and Arecibo, 
Puerto Rico, NASA surveyed the sky 
for debris between '; inch and four 
inches in size. "The U.S. Space Com- 
mand has long contended that they're 
complete down to one centimeter," 
says Kessler of the Johnson Space 
Center. "We're not there yet." He 
explains that NASA expected to find 
about 50 small fragments during the 
test, but in fact located 100. Another 
study, using a telescope at MIT's 
Lincoln Laboratories, discovered five 
times as much orbital debris as had 
been previously identified in one 
range of altitudes. “It worries us a lit- 
tle," Kessler says. "Undoubtedly they 
[the U.S. Space Command] are close 
to the limit of their capability." 

In all, according to the National 
Security Council report on space 
debris, there may be as many as 
17,500 intermediate-size pieces— 
more than twice the number of items 
now tracked by the military. The 
upshot may be that NASA will have 
to reassess its ability to anticipate 
danger and maneuver large, manned 
spacecraft out of the way. 

The main technical hurdle to 
tracking smaller debris, oddly, does 
not lie in improving the electronic 
capacity to see a blizzard of tiny or- 
biting objects. Richard Goldstein, a 
radar astronomer at the Jet Propul- 
sion Laboratory, has studied space de- 
tritus using NASA's Goldstone radar 
—an installation that, he says, is the 
most sensitive in the world. “With 
that radar," he says, *you can see 
amazingly tiny things—two millimeters 
and better at 600 kilometers [373 
miles] altitude." 

What eludes NASA and the Pen- 
tagon, rather, is the ability to remem- 
ber and predict the location of 
thousands of pieces of debris. When a 
steel bolt cast off by a satellite hurtles 
through radar—in much the way that. 
a moth flits through the beam of a 
flashlight—it may be clearly visible, 
but only for a fraction of a second. 
Even military experts have no way to 
know whether the orbiting bolt is new 
or previously identified. 

"The limitation is not in the an- 


HEADLIGHTS FOR SPACECRAFT 
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astronauts just two minutes to prepare for a colli 
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tennae and the sensors, or the power 
that we can generate and throw out of 
the radars," says Col. Gary Payton, a 
former shuttle astronaut who is now 
working in the technology office of 
the Strategic Defense Initiative (the 
Star Wars program). "The limitation 
is in our computational ability to fil- 
ter and track and correlate. It takes 
sophisticated software to do that. You 
have this computational problem of 
determining which piece of junk is 
going in which direction and crossing the 
path of another going in a different 
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direction. The radar is inundated.” 

The military and NASA hope to 
cooperate in writing computer pro- 
grams for the Haystack radar, part of 
Lincoln Laboratories. The new pro- 
grams will sift the millions of bits of 
data from the radars to predict ac- 
curately, among other things, whether 
a particular chunk of aluminum is 
about to make an unscheduled ren- 
dezvous with the Hubble Space Tele- 
scope. However, Payton says the project 
may take years to finish. 
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DO-IT-YOURSELF CUSTOM 


DOLLHOUSES 


FROM HOME MECHANIX 


HOME MECHANIX brings back the Do-It-Yourself Dollhouse 
Kits. Build your own dollhouse with one of these custom kits. 
Each one contains pre-cut materials and silkscreened windows, 
plus many additional features with illustrated instructions for 
easy assembly. To order your dollhouse, just fill out the coupon 
below indicating which house you prefer and drop it in the 
mail today. 


The Pierce 


Victorian charm abounds in this six room dollhouse. In addition to the wrap around 


veranda and tower, this house features two fireplaces, an attic, an elegant curved 
staircase and a secret tower chamber. Set up size is 352” W x 25"D x 33"H. 


$95.00 plu; $5.00 shipping and handling. 


The Glencroft 


This Cozy Tudor cottage includes a picket 
fence and window box. Inside there are 
four rooms, a winding staircase, built-in 
bookcases, two fireplaces and two window 
seats. Set up size is24”W x 17"D x 21"H. 
$66.00 plus $4.00 shipping and handling. 


060700 
Please send me The 


OcCheck O Visa [ Mastercard 


The Coventry Cottage 


A great house to build as a gift. It comes 
complete with furniture, picture 
frames, shelves, clock, porch swing 
anda flower box. Set up size is 17" W 

x 17"D x 20"H. $39.00 plus $4.00 


shipping and handling. 


Dollhouse Price 


MA residents add 5% tax 


Card #. Exp. Date. Shipping/Handling 
Total Amount Enclosed 

Name. Daytime Phone 

Address. 

City. State. Zip. 


(Please allow 3-5 weeks for delivery) 


p-------- 


SEND TO: Home Mechanix/TMM Mail Order Department. QR CALL TOLL FREE 
280 Summer Street, Boston, MA 02210 


1-800-447-7868 


The Arthur 


This four room cottage is enhanced by 
aquaint front porch and gingerbread on 
the ridge and roof. It makes an ideal house 
for the new collector. Set up size is 18”W 
x 13"D x 232"H. $34.00 plus $4.00 
shipping and handling. 


The Jefferson 

This traditional colonial dollhouse features 
apaneled front door, a built-in bookcase 
wall with a fireplace in the living room 

anda center hall with staircase. This is 
truly an authentic dollhouse. Set up size 
is28"W x 16"D x 29"H. $73.00 plus 
$4.00 shipping and handling. 


| The Westville 


| Carpenter Gothic is the style of this turn. 
ofthe century house. There are four rooms 

| plusa spacious attic. Elaborate trim adorns 

| the porch, balconies and the roof. Other 
features include a central staircase and 

| two bay windows. Setup size is 25^ W 

| x 18¥2"D x 22"H. $65.00 plus $4.00 
shipping and handling. 


well-dressed man sits 

in a Japanese subway 

car, balancing a half- 

filled aquarium on 

his knees. As the 

train leaves the sta- 

tion and picks up 

speed, the water gent- 

ly pushes toward the rear end of the 

tank. When the train reaches cruising 
speed, the water levels out. As the 
subway brakes for the next stop, the 
water level rises on the forward end 

of the aquarium, but again evenly 
and gradually. No splashes, no spills. 
Why not? Because the train is regu- 
lated by a once-obscure branch of math- 
ematics applied to computer controls. 
While this type of math evolved in 
the United States, practical applica- 
tions for it are mushrooming in Japan. 
Soon you'll see TVs, camcorders (see 
box), and cameras employing new 
electronic circuits that promise en- 


CARY Hennie 


FUZZY 


LOGIC 


“Fuzzy” subways, air condi- 
tioners, and automatic trans- 
missions operate more effi- 
ciently and smoothly than their 
conventional counterparts. Why? 
Fuzzy logic enables computers to 
simulate the ambiguities en- 
countered in real-life situations. 


By J. T. JOHNSON 


hanced images. Japanese washing 
machines, elevators, and anti-lock 
brake systems benefit from improved 
computer performance. Researchers 
are aiming for speech-recognition and 
robotic “eye-brain” applications. In 
this country, the government is using 
the mathematics to help model poli- 
tical shifts in Eastern Europe. 

This division of mathematics, called 
fuzzy logic, is now applied to helping 
computers simulate the vagueness 
and uncertainty inherent in our 
thought processes and language. 
Computers normally solve problems 
by breaking them down into a series 
of yes-or-no decisions, represented by 
ones and zeros. But fuzzy logic lets 
computers assign numerical values 
that fall somewhere between zero and 
one. Instead of statements or condi- 
tions being only true or false, no 
maybe's or sort of's, fuzzy theory sets 
up conditions such as slow, medium, 
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FUZZY LOGIC AND TIE SDN 


A fuzzy system that controls acceleration and 


braking in Japan's Sendai subway provides a 
smoother ride than would human drivers. 


and fast. And because it doesn’t re- 
quire all-or-nothing choices, and rep- 
resents real-world events as continu- 
ous phenomena, fuzzy logic seems to 
make a variety of computer-controlled 
machines run more smoothly and effi- 
ciently. The Sendai subway system in 
Japan, for example, accelerates and 
brakes more evenly than a human 
driver (see graph). Passengers don't 
even bother hanging onto straps. 

An American, Professor Lotfi A. Zadeh 
of the University of California at Ber- 
keley, developed fuzzy-logic theory 25 
years ago. “I gave quite a bit of 
thought to what to call it,” said Zadeh. “I 
realized that fuzzy didn’t sound good. 
But at the same time, I could not find 
a scientific term that described it as 
accurately as fuzzy did.” 


hat sounds whimsical in Eng- 

lish is taken seriously in Japan, 

where fuzzy logic is fuaji riron. 
Fuaji has no meaning in Japanese—it's 
the word fuzzy rendered in the closest 
Japanese pronunciation. Riron is usu- 
ally translated as theory. 

Japanese society has taken to fuzzy 
the way Americans took to turbo. 
More than 50 Japanese companies 
are developing fuzzy applications and 
chips, and two multi-million-dollar con- 
sortia backed by the biggest corpora- 
tions in Japanese technology have been 
formed there to further the research. 

One of the first fuzzy products on 
the market was an air conditioner 
made by Mitsubishi Heavy Indus- 
tries. Non-fuzzy machines tend to al- 
ternate between two states: on and 
off. Air conditioners, for example, 
turn on when a room is too hot, and 
shut off when it’s too cold. But a fuzzy 
air conditioner slows down gradually 
as a room cools to the desired temper- 
ature: That means energy savings of 
up to 20 percent. 

A sister company, Mitsubishi Elec- 
tric Corp., is using fuzzy control sys- 
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tems in its elevators, cutting 
average waiting time by 15 to 
20 percent. 

Hitachi Ltd. and Matsushita 
Electric Industrial Co. recently 
introduced fuzzy washing ma- 
chines that sample laundry 
water to determine how dirty 
your clothes are and then se- 
lect the optimum detergent 
and washing method. Washing 
time is based on weight and 
degree of contamination. Mat- 
sushita has also designed a 
fuzzy shower system that de- 
tects changes in temperature and ad- 
justs flow, preventing scaldings. 

Marketers may have a tough time 
explaining the merits of TVs with 
fuzzy pictures, but machines will be 
available this summer. Sony recently 
unveiled two models, priced at $1,450 
and $2,700, that use fuzzy circuitry to 
make subjective decisions about 
sharpness, brightness, and color. 

Meanwhile, Japanese automobile 
companies are pushing hard to incor- 
porate fuzzy logic technology in their 
vehicles. Subaru is developing an 
electronic continuously variable 
transmission that might be in cars by 
the next model year. Nissan has 
patented fuzzy automatic transmis- 
sions and anti-lock brake systems. 

Fuzzy controls are also being used 
to run an aluminum-cutting machine, 
a trench-digging machine, and a 
machine used to diagnose thy- 
roid cancer. Yamaichi Secur- 
ities uses a fuzzy-based stock 
market analysis system that 
has reportedly generated a yield 
above 50 percent for the past 
three years. 

Fuzzy’s lack of acceptance 
among Western researchers is 
attributed to their thirst for pre- 
cision in all things scientific. 
Oriental cultures, it’s argued, 
are more accustomed to holistic 
thinking—“dawn” has the same im- 
portance as “night” or “day.” Contem- 
porary Western thought, on the other 
hand, is biased toward either-or logic. 

Only one or two U.S. companies 
and NASA have taken a serious inter- 
est in fuzzy systems. NASA is experi- 
menting with fuzzy controls that 
could help the shuttle dock at the 
space station. A pilot could fly the ap- 
proach manually, but not without a 
plethora of correcting movements on 
the joy stick, a computer simulation 
shows. The simulation predicts that a 
fuzzy-logic autopilot computer would 
bring the spacecraft to its rendezvous 
with the grace of a Bolshoi ballerina 
and minimum fuel burn. 

Togai InfraLogic of Irvine, Calif., is 
the only North American company 


producing a fuzzy-logic computer-chip 
set. Using this graphics and language 
software, programmers can write 
fuzzy rules for control or analysis sys- 
tems. A Togai-designed system is 
used in Mitsubishi’s air conditioner 
and other products. 


arl Perkins, vice president of 

business development at Togai, 

says most Westerners are biased 
toward binary logic and its “balls and 
urns”: “People can understand how to 
predict if the next ball pulled out of 
an urn will be black or white. But if 
you put balls with any shade of gray in 
an urn, the binary bias makes you 
throw up your hands and say, ‘It’s im- 
possible to predict.’ But it’s not.” 

The champions of fuzzy logic see 
the introduction of quantum mechan- 
ics, with its inherent ambiguities, as 
the first wave of fuzzy logic’s evolu- 
tion. The second wave came in 1965, 
when Zadeh published a paper on 
“fuzzy sets,” as he called them. Zadeh 
wrote that a set of speed measure- 
ments grouped around a point on a 
zero-to-one continuum, for example, 
could be lumped together and called 
slow. Eliminating the need for precise 
measurements would simplify compu- 
tations, Zadeh theorized. 

Twenty years later, Bart Kosko 
happened upon Zadeh's paper. Kosko, 
who had studied music, philosophy, 
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and economics before receiving a mas- 
ter’s degree in applied mathematics, 
became intrigued with fuzzy logic. He 
eventually earned his doctorate in 
electrical engineering by challenging 
the foundations of probability theo- 
ry—a set of assumptions evolved from 
techniques that the wealthy had used 
to calculate the odds at dice tables in 
the 16th and 17th centuries. 

“I was convinced fuzziness existed, 
and I set out in my dissertation to 
prove its existence one way or anoth- 
er—and, if it did exist, to characterize 
it mathematically,” the 30-year-old 
scholar, now an assistant professor of 
electrical engineering at the Univer- 
sity of Southern California, said. 

What he found, Kosko says, is the 
third wave of fuzzy theory. “Fuzziness 
begins where Western logic ends,” he 
said. Consider the collection of 
molecules we call a table. If we could 
dismantle it one molecule at a time, 
at what point would it cease to be a 
table and become a few stray 
molecules? Questions like this aren’t 
a problem for fuzzy logic, which 
bases decisions on generalizations rath- 
er than exact measurements. 


osko and his peers are moving 

into areas staked out by artifi- 

cial intelligence researchers in 
the past 30-plus years, and the move 
is not always understood or welcome. 
Artificial intelligence is a subdivision 
of computer science devoted to creat- 
ing programs that imitate the hu- 
man mind. Much of what humans think 
and do is instinctively based on prob- 
ability, but probability-based systems 
demand a high degree of mathematical 
precision and require hundreds of 
rules. 

“Rounding off simplifies life and of- 
ten costs little,” said Kosko. “We agree, 
as social animals, to call the near- 
empty cup empty.” A fuzzy system can 
define everything from one drop to 
two ounces as empty and use that def- 
inition to trigger some action, like de- 
ciding to put the cup in the dishwasher. 

The exciting thing about fuzzy logic 
is that it appears to have such broad 
applicability that future uses are like- 
ly to be surprises. Researchers talk 
glibly about employing it to recognize 
natural speech—in which two speak- 
ers never pronounce a word exactly 
the same way—or to help a robot 
identify obstacles on a factory floor. 
Such applications are not what Zadeh 
anticipated 25 years ago. 

“My expectation was that applica- 
tions would be primarily in systems 
in which human judgment and emo- 
tions play a certain role,” said Zadeh, 
“and in which you do not have, or did 
not have, a collection of quantitative 
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FUZZY PICTURES 


Sanyo Fisher's 8mm video camcorder, the FVC-880 (top), uses fuzzy logic circuitry to evalu- 
ate focus and lighting conditions. 

Backlighted subjects have long fooled automatic light meters. In older cameras that had 
automatic apertures, an average light reading was taken from the entire scene. If lighted 
from behind, the subject would be underexposed (below left). 

To correct this, later cameras divided the viewing area and took a weighted average of 
the light readings, giving sectors in the middle of the frame more importance in determining 
the aperture setting. In Sanyo's earliest camcorders, the frame was divided intosix sectors. 
In averaging the readings, sector one got the most weight; sector six, the least. 

The fuzzy system uses the same six sectors (below right). But now the machine makes 
value judgments about the scene. If the light readings of sectors one and three are "roughly 
equal," and sector two is “much brighter" than sector one, then sectors one and three are giv- 
en priority in the light reading calculation. How much priority will depend on the contrast be- 
tween the sectors. If the brightness of sectors one, two, and three are all “roughly equal," 
none gets priority. 

Sanyo's system uses nine rules to set the diaphragm opening. Because the fuzzy values 
change gradually, the system produces smooth transitions between different lighting condi- 
tions.—Dennis Normile 


TOM WHITE 


techniques.” He expected fuzzy logic 
to be used in law and psychology, not 
washing machines. 

Social-science applications may 
come. A political scientist who is a 
consultant for the U.S. State De- 
partment is already using a fuzzy 
model to study the rapidly changing 
situation in Eastern Europe. The model 
allows her to assign weights to anecdo- 


tal news reports and phone conversa- 
tions with European contacts. The po- 
litical climate is changing so quickly 
that precise data are not available. 
Ironically, fuzzy logic—the theory 
that is so difficult for Western scien- 
tists to accept—seems to be the only 
one that can predict how the up- 
heaval in the Eastern bloc will affect 
the West. us 
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The 1990 Lindal Planbook is the 
largest ever offered. And its all you 
need to make your custom home a 
cut above in every detail. 240 pages 
of color photographs, custom plans, 
design tips and planning grids, 

just $15.00. Anas the video for jus 
$19.95 more. Write, or call toll free and 
use MasterCard or Visa 


1-800-426-0536 


ALindal Cedar Homes 


P.O. Box 24426, Dept. AZ7, Seattle, WA 981 5.0900. 
10880 Dyke Road, Dept. AZ7, Surrey, B.C. C 7P4. 


FACTORY DIRECT CLOCKS 
AND FURNITURE 
Do-It-Yourself 
Kits or Assembled 
and Finished 
* Grandfather Clocks, 
Mantel and Wall Clocks 
* Cabinets, Chests, Tables, 
Chairs, Desks...and more! 
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* Heirloom Quality 
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Movements and Dials 
© Money Back Guarantee 
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Refrigerators—without CFCs (continued from page 63) 


The Association of Home Appliance 
Manufacturers, the EPA, and the 
Department of Energy have organized 
a research consortium to seek alter- 
natives to CFCs. In the short term 
that means finding a chemical similar 
to CFC-12 that can be used in a stan- 
dard refrigerator. The early favorite 
was HFC-134a; Allied-Signal, Du 
Pont, and ICI have already begun 
making it. But with comparable 
equipment, HFC-134a is at least five 
percent less efficient than CFC-12, 
and incompatible with some of the lu- 
bricants used in refrigerators. 

EPA specialists are also interested 
in a chemical called HFC-152a, which 
has been commercially available in 
blends for 20 years. It’s more energy 
efficient than CFC-12, it has an 
ozone-depletion potential of zero, and 
it has low greenhouse-warming poten- 
tial. Sounds perfect. There’s just one 
problem: It’s moderately flammable. 
Because of product liability concerns, 
manufacturers are wary of HFC- 
152a. But its other characteristics are 
so desirable that the EPA is encourag- 
ing laboratories to study the flamma- 
bility problem. 

“It is possible to restructure the 
flammability requirements,” said Don 
P. Grob of Underwriters Laboratories 
at a December 1989 symposium spon- 
sored by the EPA. “Changes in appli- 
ance design, limitations on refriger- 
ant quantities, and restrictions on 
arcing parts...may address flammabil- 
ity concerns equally as well as requir- 
ing a nonflammable refrigerant.” 
Grob also proposed adding an odor 
trace gas—like the one used to warn 
of natural gas leaks—to refrigerants. 

Chemical substitutes alone won't 
enable manufacturers to stay ahead 
of efficiency standards. Manufactur- 
ers are also investigating design 
changes. One promising approach is 
to split the vapor compression cycle 
into two separate loops—one for the 
freezer and one for the cooling com- 
partment (see drawings). 

Tiny buildings 

In addition to alternative refrig- 
eration methods, insulation is consid- 
ered vital. Think of a refrigerator as a 
small, inside-out building, suggests 
David Goldstein, a senior scientist at 
the Natural Resources Defense Coun- 
cil (NRDC). Relative to the kitchen's 
room temperature, he says, "It's in a 
climate colder than anywhere in the 
United States." To match the cost-ef- 
fectiveness of a typical building’s attic 
insulation, a freezer’s sidewalls would 
require insulation with a value of R- 
60; today’s refrigerator insulation has 
an actual value of R-12. 


The NRDC is helping Thermalux, a 
Richmond, Calif., company, build a 
prototype refrigerator insulated with 
evacuated aerogel panels. Aerogels, 
microporous silica gels that are up to 
97 percent air, previously have been 
used to insulate windows [“Amazing 
Glazing,” Aug. '88]. 


Powder-packed panels 


Silica powders are the filler for 
evacuated panels tested by Oak Ridge 
National Laboratory and General 
Electric a few years ago. GE devel- 
oped its panels to meet California's 
tough energy standards, but has nev- 
er mass-produced them. The company 
questioned whether the edge seals of 
its panels could maintain a vacuum 
for the 19-year life of a typical refrig- 
erator. However, at least one company 
is already putting silica powder insu- 
lation in products such as the steel 
buckets fishermen use to keep their 
prey alive. MBB, a West German aero- 
space company, makes the silica super- 
insulator from diatomaceous earth. 

Meanwhile, the Solar Energy 
Research Institute (SERI) has devel- 
oped a *high-vacuum" insulation. 
Whereas powder- and aerogel-filled 
panels, which have plastic shells, re- 
quire only a “low” vacuum, SERI's 
panel is more like a thermos bottle, 
and requires a high vacuum. It con- 
sists of two sheets of stainless steel 
welded together by a laser beam. 
Glass beads or embossed glass sheets 
act as spacers inside the metal enve- 
lope. Early design prototypes of 
SERT's panels are now being tested at 
Admiral and Whirlpool, says Dave K. 
Benson, co-inventor of the insulation. 

Cryogenic research may also yield 
new insulating materials for home re- 
frigerators. One candidate is Cryo- 
therm, flat sheets of microfiberglass 
superinsulation manufactured by Ly- 
dall Manning Nonwovens of Troy, 
N.Y. 

With better insulation, novel refrig- 
erator designs might be feasible. Field 
studies have shown that the number 
of times you open a refrigerator's door 
has little effect on its total energy 
consumption. So if its walls were su- 
perinsulated, a refrigerator could op- 
erate on low power. 

“We would like to see the electricity 
that refrigerators use reduced fifty or 
sixty percent from even the 1993 
standards,” says John S. Hoffman, di- 
rector of the EPA’s Global Change 
Division. Forcing manufacturers to 
eliminate CFCs will ultimately help 
customers save money on their ener- 
gy bills, he says. “We see a great op- 
portunity for consumers to benefit 
from this transition."—Dawn Stover 
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[Continued from page 85] 


In the meantime, NASA will con- 
tinue to explore political engineering 
to reduce the creation of new orbital 
debris. It has persuaded most Pen- 
tagon officials to conduct high-altitude 
weapons tests more safely and not to 
detonate satellites in a manner that 
leaves debris in orbit for centuries. That 
took some doing: In one notorious Air 
Force experiment, the barely func- 
tional Solwind satellite was destroyed 
by a high-flying F-15 jet, and the 
ensuing debris accounted for as much 
as one-tenth of all the material the 
United States has ever generated, 
according to Lamb of the University 
of Illinois. Recently, however, the 
Pentagon orchestrated the more 
responsible Delta-180 test, in which 
two Delta rockets flew together and 
exploded in the upper atmosphere, at 
a relatively low altitude that ensured 
that all of the debris would fall back 
to Earth within three months. NASA 
engineers were unanimous in their 
praise for the responsible manner in 
which the test was conducted. 


Redirecting rockets 


The next big step was convincing 
Japanese, European, and Soviet of- 
ficials that their spent rocket stages 
should be empty in the future. There 
are more than 3,000 of the structures 
floating in orbit, and their contents— 
hypergolic propellants designed to 
ignite when combined—have often 
blasted new debris into existence. 

That policy is history. Now NASA 
bureaucrats like Joseph Loftus travel 
around the world to encourage other 
space-faring nations to add propellant 
to their rockets. NASA's new goal is to 
convince space agencies worldwide to 
redirect rocket carcasses either 
downward, toward Earth, where they 
will be destroyed upon re-entering the 
atmosphere, or upward, beyond the 
altitudes at which most satellites and 
spacecraft congregate. "What you're 
really going to have to do is agree 
that as of [a set date] we're all going 
to adopt that as policy," says Loftus. 
“People are beginning to look at a 
practice of raising spacecraft out of a 
geosynchronous arc up to an elephant 
burial ground, if you will." 

The last step, according to NASA, 
will be adopting agreements to re- 
quire the retrieval of large pieces of 
space junk, possibly using robotic 
spacecraft that will be decades in the 
making (see box, Garbage Truck of 
the Future?). Without further human 
intervention, Loftus notes, some of 
the debris that our species has 
recently fired up into orbit may take 
five centuries to come back down. GE) 
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EXCITING NEW LAB TESTS HAVE CONFIRMED SLICK 50'S BENEFITS! 


Save Gas, Save Engine with ‘POLY’ 


WHAT IS POLY? “Poly” is short for 
polytetrafluoroethylene (TFE). It is the slip- 
periest substance known to man. The 1989 
Guinness Book of World Records (pg. 184) 
says: "The lowest coefficient of static and 
dynamic friction of any solid is 0.02, in the 
case of Polytetrafluoroethylene - equivalent 
to wet ice on ice. It was first manufactured in 
quantity by E.l. duPont in 1943, and is mar- 
keted as Teflor/"." 

Slick 50 Engine Treatment will bond slip- 
pery "poly" to your engine for a minimum of 
50,000 miles. Unlike some temporary prod- 
ucts on the market, there is no need to add 
Slick 50 at every oil change. Exciting new lab 
tests have shown that Slick 50 Engine Treat- 
ment did indeed increase gas mileage and 
horsepower, and it reduced engine wear. 


Slick 50's credentials are impressive 


"Slick 50 does reduce engine heat and 
ordinary wear, and our informal tests indi- 
cate that it will improve gas mileage by 
about two or three miles per gallon...Slick 
50 does exactly what PetroLon claims it 
does." Consumers Digest, (March/April 1982, p.35) 

In 1989, the premiere engine and lubri- 
cant testing lab in the U.S. tested Slick 50. 
This EPA recognized lab conducted a strictly 
controlled experiment using industry stan- 
dard ASTM procedures. Results showed that 
Slick 50, compared to a standard reference 
oil, reduced engine wear by more than 50%. 
Be cautious of those Poly treatments that 
cannot back up their claims with such solid 
evidence. 

Ina fuel usage test conducted by this same 
prestigious lab, results showed that Slick 50 
(compared to a standard reference oil at 150) 
reduced fuel consumption in the test engine 
by 7.09% at an oil temperature of 225 and 
7.85% at 275. Once warmed up, most cars 
operate within the range of 225 to 275. 

Especially interesting is the fact that fuel 
usage with just the reference oil increased 
(see graph) asthe oil got hotter than 225 . This 
is due to the well known fact that oil gets 
thinner at higher temperatures causing in- 
creased friction (and wear) in your engine. 
However with Slick 50, fuel usage actually 
decreased showing that Slick 50 produced 
it's greatest friction reducing benefits at 
higher temperatures which is exactly when 
your engine needs it the most. 

As with any lab test, these results may not 
translate exactly the same percentagewise 
for every engine under every type of driving 
condition in the "real world". Howeverthe con- 
clusion for these test cases is clearly that Slick 
50 does reduce engine wear and does in- 
crease gas mileage. 
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The Federal Aviation Administration has 
fully accepted a similar product - Slick 50 
Aircraft Treatment (F.A.R. #33.49). 

A test done at the San Diego State Uni- 
versity revealed that, “Slick 50 does increase 
horsepower and decreases fuel consumption 
in tests done at the university". TUV, a pres- 
tigious German testing laboratory, tested 
Slick 50 and found a substantial increase in 
both gas mileage and horsepower. The Space 
Shuttle Columbia uses the chemical "Poly" 
inits gears and bearings because itis the only 
chemical lubricant which can withstand the 
heat and corrosive elements of space. 

The Cranfield Institute, known world- 
wide for it's work in tribology (the study of 
friction) concluded a five year study on Slick 
50 in 1989. Results showed that Slick 50 did 
indeed coat metal surfaces, dramatically 
reducing friction and extending the life of 
the metal. 

Perhaps the most dramatic of all is a tor- 
ture test seen by thousands of viewers on 
NBC TV station KPRC. A Lincoln Town Car 
was treated with Slick 50. During the broad- 
cast, the oil was drained and the car was 
driven without the oil plug for about half an 
hour. The water temperature never rose and 
the engine sustained no apparent damage. 

How do you give an engine a “Poly” 
treatment? Very simply! Change oil and filter 
and substitute one quart of Slick 50 for the last 
quart of oil. (Add two quarts for engines with 
oil capacities of seven quarts or more.) Slick 
50 is excellent for all gas and diesel engines 
(even turbocharged and rotary engines). 

Slick 50 will work with all petroleum 
based oils and synthetics compatible with 
petroleum based oils. 


7 MONEY SAVING BENEFITS 


Slick 50 has been thoroughly tested both by 
lab experts and by our customers on the road. 
These tests have shown that Slick 50 can: 
1. Increase gas mileage. 

2. Increase horsepower (small economy cars 
and large RV's really need this). 

3. Make starting easier. 

4. Reduce operating temperatures, thus in- 
creasing the life of the oil and engine. 

5. Help make up for lubrication losses from 
new unleaded gasolines. 

6. Provide a possible safety margin in the 
event of sudden oil pressure loss. 

7. Minimize or eliminate costly overhauls by 
reducing engine wear. Up to 90% of engine 
wear is caused by lubrication starvation cars 
experience when first started before the oil 
begins to circulate. With Slick 50 the internal 
engine parts are protected even while the rest 
of your car's oil is still settled down in the 
sump. All these benefits cost only as much 
as a couple of tanks of fuel. 

Will Slick 50 harm my engine or affect 
my warranty? No! The carrier oil for Slick 50 
meets, or exceeds, every manufacturer's 
engine warranty requirements and carries an 
API service classification SG-CD. 

More Slick 50 products are available. 

A FREE catalog sent on request. 
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Two-strokes (Continued from page 75) 


such a poppet-valve design, calling it 
the “flagship design.” But others are 
quick to point out that conventional 
engine valves quickly run into an rpm 
problem when applied to a two-stroke. 

“Its even worse than you might 
think," says Chrysler's Christopher 
Theodore, executive engineer of power- 
train engineering. “It’s not just that 
the valves must complete their cycle 
for each stroke—twice as fast as a 
four-stroke. The actual valve event 
must take place in about a quarter of 
the time.” The resulting rpm limita- 
tion is apparent in the 3,600-rpm red- 
line of the Toyota engine. 


Dissenting views 


Pondering the Toyota effort quickly 
leads to the one question that may yet 
derail all this engineering energy: Is 
the two-stroke really all that great an 
improvement over a fully developed 
four-stroke? One who thinks not is 
Gerhard Gruber, manager of engine 
pre-development for Audi, the com- 
pany that in the late 1960s absorbed 
DKW, one of the last production two- 
stroke automobiles and the inspiration 
for the East German Trabant. 

Horsepower, says Gruber, is where 
you find it. “Look at the slow speed the 
Toyota two-stroke is turning—what's 
the point? You could generate the same 
horsepower with a four-stroke at twice 
the crankshaft speed—the only dif- 
ference would be in the gears in the 
transmission." 

“I could wave my hand one way and 
argue one way, wave it the other and 
argue on the other side," says GM's 
Heimbuch. "A high-output turbo- 
charged four-valve engine operates 
at more stress than an equivalent 
two-stroke.” 

GM is seeking simplicity and low 
cost, and even some elements of the 
Orbital design seem too complex. GM’s 
Don Runkle says a high-pressure in- 
jection without the air injection could 
also atomize fuel properly, but the jury 
is out on which system would be lower 
in cost. “We favor the simple ap- 
proach,” he adds. 

As does Orbital. Still searching for 
a major automotive customer for its 
engine, Orbital has already released 
a second generation of two-strokes that 
answers most of these questions. Par- 
ticularly elegant is an externally scav- 
enged wet-sump version of the basic 
three-cylinder that tucks the scavenge 
pump behind the flywheel where it 
doesn't add to the overall dimension 
of the engine. A V6 producing about 
200 hp likewise enlarges the scope of 
cars that could use the two-stroke. 
That engine is likely to see service 
first in a marine application. Several 


outboard motor manufacturers also 
are licensing the air-injection fuel-de- 
livery system from Orbital. 

Ultimately, the acceptance of the 
two-stroke engine will be based on 
proof of its two major claims: that it 
is inherently more fuel efficient than 
a four-stroke, and that it can at least 
meet current and future emissions 
standards. The fuel-efficiency claim is 
based on several factors. One is that 
it has less “pumping loss” than a four- 
stroke, because it doesn’t waste a 
stroke sucking air and fuel into the 
combustion chamber. This is demon- 
strable, but the advantage is lessened 
when you subtract shaft horsepower 
going to an external supercharger 
—the two-stroke’s air pump. 

A trickier issue is the claim for 
stratified charge combustion. The so- 
called “lean burn” engine has eluded 
auto engineers for several decades, but 
now some are admitting that the di- 
rect-injection two-stroke appears to 
burn at extremely lean mixtures, dt 
least at low rpm. Combined with the 
low pumping losses, the two-stroke 
thus becomes highly efficient at idle 
and low-power outputs—just where 
most driving is done. Interestingly, the 
strides made in stratified combustion 
for two-strokes appear to have revived 
interest in a stratified-charge four- 
stroke as well. 

But the most critical issue concerns 
two-stroke emission claims. “We know 
it meets it, but we don’t know what 
happens after 100,000 miles,” says 
GM's Heimbuch. 


Partial solution 


Controlling combustion is only part 
of the answer. Most of the designs have 
a shutter-type valve in the exhaust 
port that effectively adds some ex- 
haust-gas recirculation to reduce NOx 
emissions. (Subaru uses a flat rotat- 
ing exhaust valve—the type used in 
some motorcycle engines.) The rela- 
tively cool exhaust presents a catalyst 
light-off problem, which Orbital ad- 
dresses by putting a small catalyst di- 
rectly in the cylinder head. 

The emissions issue depends on the 
new generation of emissions laws. If 
standards are too stringent, the two- 
stroke in the United States could be 
dead. That wouldn't necessarily cool 
interest in Europe, Japan, or even un- 
derdeveloped countries. A compact, 
low-cost fuel-efficient power plant could 
mean an advance in personal trans- 
portation that could put the 80 percent 
of the world that currently lacks mo- 
bility on wheels. 

"But you know," a young GM engi- 
neer told me. “I'd like to have a car 
like that here.” 


Look who's calling (Continued from page 78) 


is to open your front door without 
knowing who is knocking.” 

Sen. Herb Kohl of Wisconsin 
likes the peephole analogy. Introduc- 
ing the Telephone Privacy Act of 1990 
to Congress, he said: “My bill would 
require phone companies that sell Cal- 
ler ID to give callers the option of 
blocking the display of their phone 
numbers.” (You press a few buttons 
on your phone, and the recipient sees 
PRIVATE on his screen.) “The block- 
ing option gives the caller more pri- 
vacy, but the recipient nevertheléss 
obtains more information than is 
available at present. And the recipi- 
ent always retains the right not to an- 
swer. By way of analogy, a homeowner 
can refuse to open the front door when 
a visitor covers the peephole.” 


Hello, it’s me 


The phone companies fighting 
Kohl's bill say few customers have 
complained about Caller ID, and the 
blocking option would ruin the new 
service. Not true, Kohl told Congress. 
“Callers will not block calls to their 
friends and colleagues. They will per- 
mit their numbers to be displayed as 
a way of saying, ‘It’s me, so pick up 
the phone. " 

A variety of groups—including 
Ralph Nader's Public Citizen, the 
ACLU, the Consumer Federation of 
America, and the National Associa- 
tion of State Utility Consumer Ad- 
vocates—have endorsed Kohl's bill. 
President Bush's Special Adviser for 
Consumer Affairs, Dr. Bonnie Guiton, 
stated: “If residential consumers can 
be offered a blocking mechanism in 
conjunction with Caller ID, they will 
be able to take back some of the pri- 
vacy they have already lost." 

Pacific Bell will offer the blocking 
option in 1992, when Caller ID be- 
comes available in California; the state 
legislature passed a law requiring it. 
And bills to require blocking are pend- 
ingin Maryland, Virginia, Illinois, and 
New York. In Pennsylvania, a judge 
ruled that Caller ID violates the state's 
anti-wiretapping law, but the state's 
Public Utilities Commission neverthe- 
less approved the service—without 
blocking, except for violence interven- 
tion agencies, law enforcement officers, 
and others who apply for special per- 
mission. The ACLU and groups repre- 
senting battered women appealed the 
decision, and the Commonwealth Court 
has temporarily blocked introduction. 


Cutting off the calls 


As the debate continues, phone com- 
panies are already developing the next 
generation of privacy features. The 
companies don't want customers to be 


able to block outgoing numbers, but 
they are working on ways to block most 
incoming calls. Customers using one 
proposed service—Selective Call Ac- 
ceptance— would program their phones 
to reject calls from all but a few desig- 
nated numbers. 

And before long, systems from de- 
velopers like CDT and Bellcore might 
have built-in directories. CDT's phones 
would display a caller's name as well 
as his number. Bellcore's latest trial 
system includes a phone device you 


needn't even look at. When someone 
calls, its internal system recognizes the 
number, matches it with a listing from 
the phone book, and announces—via 
a speaker—who’s calling. 

But despite all this technological so- 
phistication and convenience, ulti- 
mately, Congress and the courts will 
have to decide who owns your tele- 
phone number—and who has the 
right to reveal it. Until then, advises 
Zachok of Bell Atlantic, “assume peo- 
ple have your number.” 
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“Say, Smokey" 


A dinic on cars by Smokey Yunick, America's most famous mechanic 
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WEATHER STATION 
NOW AFFORDABLE 

ENOUGH FOR HOME USE! 


The new WeatherPro weather station uses state-of- 
the-art technology to give you full monitoring capa- 
bility at an Ineredlbly low price. The WeatherPro 
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DIGITAR WEATHERPRO 
WEATHER STATION: ONLY $179! 
ORDER TODAY:1-800-678-3669, PS 


}0 PM Pacific Time 
XNformalicemptving electronic rain gauge $49.95 
Add $5.00 for s à. CA residents add sales tax 
Fax 1-41 '188 © M/C and VISA 


DIGITAR’ 


3465 DIABLO AVE, HAYWARD, CA 94545 
96 | POPULAR SCIENCE JULY 1990 


*WIND GUST 
*WIND CHILL 


Canned squeals 


In the last few months, I've seen a 
number of car commercials on TV 
promoting anti-lock brakes. These 
ads all use the sound of tires squeal- 
ing, which confuses me. It seems that 
with ABS there should not be any 
tire noise. Are those sounds added in 
during the editing process? 

James V. Grisham, Spokane, Wash. 


When an ABS system is working as 
designed, it will not allow a wheel to 
lock up. The system’s sensors will de- 
tect the rapid slowdown of wheel ro- 
tation and release the brakes before 
the wheel stops turning and begins to 
skid. It's plausible that the tires 
might make some noise when they are 
stressed to the point approaching 
lockup. On the braking portion of a 
road test you can hear this as an in- 
termittent chirping from outside the 
car. The truth is, though, that the TV 
ads probably do add the noise for 
dramatic effect. 


Hot starts 


My 1976 Buick Le Sabre starts and 
runs fine when the engine is cold, but 
refuses to start when hot. It acts like 
a dead battery or dragging starter, 
but I’ve had both replaced to no avail. 
Do you have a solution? 
William M. Warren 
Bradenton, Fla. 


This is an old, old problem that usu- 
ally is caused when the starter 
solenoid heats up from the exhaust 
manifold. The way to check this is to 
duplicate the condition and have the 
current draw checked with an amme- 
ter connected to the starter circuit. If 
you find an abnormally high current 
draw, the solenoid is probably the 
culprit. If the exhaust system is cook- 
ing the starter, you'll have to either 
insulate it or cool it with an air duct. 
Also, make sure your battery cables 
have sufficient capacity. 


Smelly exhaust 


In December 1989 I bought a 1990 
Chevrolet Lumina sedan with the 
2.5-liter four-cylinder engine. Since 
the day I took it for a test drive, I've 
noticed a strong smell of rotten eggs. 


Where is the stink coming from? 
Willard M. Ream, Levittown, Pa. 


' Your foul-smelling exhaust is a prod- 


uct of the pollution-control equipment 
and sulfur in gasoline. Specifically, 
the unburned fuel that passes 
through the engine is being burned in 
the catalytic converter, and you are 
smelling the sulfur that is contained 
in the fuel. My suggestion is to shop 
around for gas that has less sulfur 
in it. Check with your dealer for fac- 
tory service bulletins regarding this 
problem. 


Hissing on fill-up 


When I take the gas cap off my 1990 
Cadillac Brougham, I hear a loud 
hissing noise. When the tank is half 
empty, it is hard to even open the 
cap. The dealer says this is normal. 
What's wrong? 

Anton M. Lippeth, Freeport, Ill. 


The hissing coming from your gas 
tank is caused by a partial vacuum 
that develops as fuel is used. To de- 
crease the amount of fuel vapors that 
can escape and cause smog, the fuel 
system of a modern car is a closed 
loop, with vapors being captured and 
sent to a collection canister. It makes 
sense that the lower the fuel level in 
the tank, the greater the vacuum, so I 
doubt you have a problem that re- 
quires repair. 


On the thin side? 


T've been using Mobil 1 synthetic oil 
in my car and recently read that this 
type of oil will not stick to engine 
parts as well as mineral oil, so when 
the car is started some parts must 
run without lubrication. Care to com- 
ment on this? 

John Engelhardt, Coram, N.Y. 


Years ago, synthetic oils were known 
for rapidly draining off internal en- 
gine parts, sometimes giving up cor- 
rosion protection when the cars were 
not run for long periods. Newer pre- 
mium grade synthetics have solved 
that problem though. All engines, re- 
gardless of the oil used, need to be 
treated carefully on cold starts be- 
cause of the lack of immediate oil 
pressure. 


50,000 MORE "4 
MILES Of ENGINE 3 
PROTECTION 


Now you can "Treat 

Your Engine Right’: . . 

This amazing product allowed 

Irvin Allen to drive his 280Z 

around the race track 9 times 

without oil after FluroCote 

treatment. The engine was not harmed. 

FluroCote Friction Reducing Motor 

Treatment is produced by using PTFE (the 
most slippery lubircant known) to coat 
internal parts of all internal combusion 
engines and used in the space vehicles 
which took American astronauts to the 


FluorCote is not an oil 
additive. Oil is used 
as a carrier to coat 
the metal surfaces 
which reduces drag, 
gives increased 
mileage, engine 
compression,acceleration 
and engine life. Compatible 
with all petroleum based 
or synthetic oils. 
TRY IT TODAY 
FOR FAST ORDER 
1-800-999-1995 
Visa, M/C, Discover, Amer Exp. 
Write for FREE infomation. 
TAYLOR Enterprises, Inc. Dept P 
202 W. Hillcrest Ave.,San Bernardino CA 92408 


50,000 miles of protection 
lor average engine, 


"Treat Your 
EngineRight7 


*20-Minute Training 
*No License Required 
“Over 5,000 Powered 
Parachutes Flying 
“Spotless Safety Record 
“From Land, Ice, Or Snow 
“Nothing Easier, Safer, 


e Or More Fun!!! 
"A PARASCENDER 


Man's oldest dream come true! Yearround family tun! You have to 
See this crat to believe it. Fascinating video with complete 
Information on the safest most unique aircraft ever conceived by 
man. Destined to be the hottest selling aircraft in the world, Video in 
VHS, Bela or PAL. Add $10 for Beta, $20 lor PAL. Add $2 SIH for 
Canadian, $10 Foreign, U.S. Funds Only. WA Slate, add 7.5% 
Send check, money order or call for COD (U.S. only). 


Excellent 
Dealership 
Opportunities 


formerly Paracraft Corp. 


513N. 21st. Avenue, Suite C Dept. PS 
Yakima, WA 98902-1843 TEL 509.457.7641 


PLASTI DIP. 
COLOR CODES 
YOUR TOOLS f 


Color code workbench, peg 
board, garden tools. Get a firmer, i 
cushioned grip with flexible EM 
PLASTI DIP coating. Won't chip, 
crack or peel. Many colors. 

PLASTI DIP at leading Hardware 
& Home Centers nationwide. 


PO. BOX 130 k z 
CIRCLE PINES, MN 55014 Q 


—With Every Purchase 
THE BASIC GUIDE TO SATELLITE TV 
COVERS. . . How to view over 200 channels 

FREE ... + SOx more than pay cable systems 

» higher quality picture and sound than cable 
view what you went from Disney to xxx 3 
Movies—Cinemax-HBO-Arts and Entertain- 
ment—TV from around the world —News 
Network—AND MORE! Retail's for $9.95. PS 


cool ooo MT 


THIS IS THE NEW STATE OF THE 
ART T.V. ANTENNA—Simply attach- 
just like the old “Rabbit Ears" 
*NO WIRING * NO CABLE FEES 
or CHARGES because you're 

using only RF. Reception to pull 

in all signals on VHF and UHF 

from 2 to 89 . . . with no need for 
à De-Scrambler because you're 
not using satellite reception. 


NO SPECIAL LOCAL OR ] moms or charge my C) VISA C) MASTERCARD 
GOVERNMENT PERMITS NEEDED. MEM. — — too Date. 
Sits on top of any TV in just Tone l 
5 inches of space. emoon [| Mo — [| 
ov. m 2o 
Al orders processed prompti. Shipment guaranteed within 60 days 
€——a M o —À"tÓ 


ONLY 10,000 UNITS 
AVAILABLE 


ON FIRST-COME, FIRST-SERVED PURCHASE 


GET ONE FOR EVERY T.V. 
IN YOUR HOME 


mm == = MONEY BACK GUARANTEE == ==. 


TV DISH ANTENNA, Dept, 9282 
[| 300 McCann Street, Nashville, TN 37210 
Please rush me the TV Dish Antenna for only $9.95 
SAVE! Two for only $15.95. 
SAVE MORE! Three for only $22.95. 
Jis: oo shipping and Handing tor each antenna 
I Money Back Guarantee on purchase price f not completly satisfied 
and keep The Basic Guide to Satelite TV as our Free Gift to You. 
Tenn. residents add sales tax. 
Credit Card Buyers— Call: (615) 254-7230, Encosed is my check or 


ARCO Solar.* Electric 
Panels — As Low As 


$157. DELIVERED! 
PHOTOVOLTAIC POWER FOR 
HOMES, CABINS, RV's & MORE 
* Available In 35, 40, 110 Watts. 
* Previously Used In Power Plants. 
* Full 5 Year Warranty. 


Call 1-800-223-9580 Ext. 10 
Or Write: 


PHOTOCOMM, INC. 
Dept. 10, 7681 Gray Road 
Scottsdale, AZ 85260 


66 Page Catalog — $2 


Jerrold, Pioneer, Scientific Atlanta, Oak, Zenith, Bag 
and other famous manufacturers 
Best Retail/Wholesale Prices 
30 days money back guarantee 
FREE 1c page Catalog 
cai Tot res: 1-800-445-9285 


U.S.Cable T.V. Inc. Dept.KBB7 
4100 N.Powerline Rd., Suite 
Pompano Beach, FL 33073 
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feed 


izard. 


the amazing new solution to 

rotary trimmer line problems 
No more trouble with trimmer line 
— never buy line again! 
Easy to install on your gas trimmer. 
Cuts through tough weeds, 
briars and grass. 
Keeps your rotary trimmer in 
business. 
Guaranteed to save you time! 

TO ORDER CALL TODAY 


1-800-262-5122 


(Call for dealership inquiry) 


( ) VISA ( )MC# 
( ) Check enclosed for $21.95 plus $3.00 postage and handling 


Exp. Date. 


Your Trimmer Make Model #. 


Name Phone 


Street 


City State Zip 
Send to: WEED WIZARD, INC., P.O. Box 275, Dahlonega, Georgia 30533 


Tsay, Smokey” — 


CLEAN AIR 
FOR NOTHIN’, 
HP FOR FREE! 


We dare you to find a better way to “bolt-on” 15 extra horsepower that's as 
easy as installing a K&N Filtercharger* Replacement Air Filter. Just put one 
on and take off! Plus, our exclusive Million Mile Warranty* warrants that extra 
performance for 10 years or 1,000,000 miles. (According to tests in 
Musclecar Review [6-88] and Car Craft [12-88], Filtercharger makes enough 
power to lower quarter-mile times as much as .3 to .4 sec. with no other 
modifications.) Clean up your performance act with the super-cleaning air 


filter that virtually "gives" you up to 15 extra 
horsepower — Filtercharger, from K&N. MEEN 
*See complete warranty for details. 

K&N Filterchargers are available by direct mail. P/N E-1500. 

Send $38.22 + $5.00 S&H to K&N Engineering, 

P.O. Box 1329, Riverside, CA 92502. Catalog, $3.00. FILTERCHARGER 
For the dealer nearest you call 1-800-PAR-3336 
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Oil shelf life 


I am interested in your opinion as to 
the feasibility of using motor oil that 
has been in unopened cans for six 
years. Are there any detrimental ef- 
fects to the oil or its additives? 

John R. Gavlick, Covina, Calif. 


I think your concerns are real, but I 
haven't heard that oil has a finite 
shelf life. With some graphite oils, I’ve 
seen the graphite settle out in the can; 
this was a serious problem for early 
synthetics as well. And, for mineral 
oil, I expect that the heavier ingredi- 
ents can settle if allowed to sit for a 
long while. Gas station owners used 
to flip the cans over to mix the con- 
tents periodically. 


Oil for a Spirit 


I recently purchased an almost new 
1989 Dodge Spirit whose manual rec- 
ommends the use of 10W-30 grade 
oil. I live in West Texas, where it can 
easily get to 95 degrees F during the 
day. Will this oil protect the engine, 
or should I use a straight 30W oil 
during the summer? 

B. L. Williams, San Angelo, Texas 


Number one in importance is not the 
viscosity of the oil, but that you al- 
ways use the type recommended by 
the manufacturer. For the best protec- 
tion, the same old advice applies 
—use a premium-grade oil as recom- 
mended in the owner’s manual and 
change it frequently. 


Foxy smell 


I just bought a 1987 Volkswagen Fox. 
The previous owner replaced the 
radiator and water pump, and when I 
warm up the car I can smell anti- 
freeze. Is there a problem with the 
heater core? 

Martin Altis, Pequannock, N.J. 


You're on target. If you smell any an- 
tifreeze, it's certain you've got a major 
leak. It can be hard to find though. I 
suggest using a leak-detection dye 
that glows under ultraviolet light; 
most radiator shops will have this 
equipment. A logical place to start is 
at the heater core, but it could come 
from a blown head gasket or a leak- 
ing hose. 


Got a car problem? Send it to “Say, Smokey—," POPULAR 
Science, 2 Park Ave., New York, N.Y. 10016. All letters are 
read, and those of widest interest are answered in this col- 
umn, Due to the large volume of mail, Smokey cannot reply 
to letters not selected for publication. 


Shoppers’ Showcase 


A selection of products and services for Popular Science read- 
ers available direct by mail. Enjoy the fun and convenience of 
mail ordering shopping. Please order directly from the adver- 


[=] Bondwell 


+ 80286 microprocessor 
operating at 12MHz 

* Landmark speed test 
16 MHz 

+ 1 MB RAM expandable to 
2 MB. 

+ 40 MB Conner hard disk 
drive (25 millisecond) 
1" high 

* 144MB 3. 
drive. 


floppy disk 
* 10.5" supertwis 


nonglare LCD screen. + Super fast 1:1 interleave 
factor. * Lightweight: only 8.5 Ibs. * 81 keys, full 
* Removable rechargeable Ni 

* Zero wait state. + Folds up for travel! 
+ Real-time calendar/clock with battery backup. 

* Built-in rechargeable battery. + 2 RS232 serial ports. 
* RGBI video port. 

+ Included software: MS-DOS 3.3, GW-BASIC 3.22. 
3'Hx 12.2"W x 2.2"D 

g: Reta 


stroke keyboard. 
battery pack 


* Centronics parallel port. 


* Model #: B310. * Dim 

+1 Year Limited f. Su 
Warranty! 

+ Factory New! 


* SUPERSLIM 286 
LAPTOP WITH 
40MB HARD DRIVE 


DAMARK $ 


* VHS HQ for 
remote program 
capable treque’ 
searches tapes a! 

+ Frame freeze 


ng 21-day/4-event. 


ad esized tuner 
reen display. 
control. 

set desired channels 
+ Programmable tin 

* Cable-capable tuner. 
+ Model #: N91 Ey 

+ Factory 
like 


$3,695.00 


14992 


+90 Day Labor PRICE 


DAMARK | 


DELUXE REMOTE 
VHS HQ VCR 


clear picture quality + On-screen 
* 110-channel cable: 
y + NEC “Jet Search 
times the normal speed. 
* 35-function NEC 
* Skip memory 
skipping" the reset 
sized tun 
ute memory backup. 


5249% 


ORDER TODAY!! 


1-800-729-9000 


THE "GREAT DEAL" CATALOG 


s you 


HALOGEN TORCHIERE 


FLOOR LAMP 


Fill your room with light from 
this sleek-looking Floor Lamp. 
+ Halogen torchiere floor lamp. 
* Shines light upward, yet fills 
entire room 
* Variable light control switch. 
+ 500 Watt halogen bulb included. 
* Sleek finish. + U.L. approved. 
* Glass insert below shade allows 
light to shine downward also—for 
a complete lighting effect. 
* Height: Approx. 72" 
* One Year Warranty! 
+ Factory New! Factory Perfect! 


Mit. Sugg, Retai: $170.00 


DAMARK $ 49 99 


PRICE 
127 


(White)ttem No. B-2087-130153 
'ass)item No. B-2087-130161 


tiser. For advertising rates for this section, write or call Diane Pahl, 
Direct Response Manager, Popular Science, 755 W. Big Beaver Rd., 
Suite 420, Troy, MI 48084; (313) 362-9005; fax # (313) 362-3403. 


Factory Pertec! PRICE 


item No. B-2087-142034 
dand.: $2 


QUADRATECH 
ULTRA RADAR DETECTOR 


* Dual conversion, superheterodyne circuitry. + Detects 
both X and K band. + Audible and visual alerts. 

* Warning indicator. + Anti-falsing circuitry. + Visor 
mount. * Velcro dash mount. * Compact 

* Operates on cigarette lighter adapter (included 


< Mounts easily & quickly... petar: $99.95 


* Model #: FR3000. DAMARK $ 99 
+ 90 Day Warranty! 
+ Factory New! — 39 P 


Factory Perfect! 


Warranty. 1 Yr. on Heads, 
2 Yrs. Other Parts. 


PACKARD BELI ES 


(Chrome)ltem No. B-2087-130179 
(Almond)ltem No. B-2087-130187 
red Shipi:Hand.: $9.50 


DIGITAL GUITAR XG-1 
IT'S THE INSTRUMENT OF TODAY! 
* Auto-chord guides. - Electronic strum strings. 
Sustain mute button. + Tremolo arm 
attachment. + A/C adapter 
* DEMO function switch 
+ Set Rhythm Tempo to your desired speed. 
* Auto-Bass Volume mix. + Headphone/line-out 
jack. *6 different synthesizer voici 
Guitar I, II, Synth, Vibes |, Il and 
Brass. + 8 rhythm patterns including rock, 
disco, latin, 8 beat, ballad, watt 
and swing. « Bridge string cover 
^ responsive right hand strings 
+ Full manual finger-board. 
* Built-in speaker/amplification syst 
* Model #: XG-1. + Made by Suzuki 
+ 90 Day Warranty! 
* Factory New! Factory Perfect! 


$299.00 


Peg 


Mtr. Sugg. Retail 
DAMARK 
PRICE 


Amer grew up PACKMATE 
286 COMPUTER W/ VGA COLOR MONITOR 

* 80286 micro-processor 
(operates at 12 MHz) 

+ One 3-1/2" 1.44 MB. 
floppy drive. * One 
5-1/4" 1.22 MB floppy 
drive. +30 MB hard 
drive. « 1 MB RAM on 
motherboard 
expandable to 3 MB. 

Includes VGA 14’ 
color monitor and VGA 
card. + High resolution 
monitor: 640x480, and 256 colors. + IBM compatible. 

* AT compatible. + 8 expansion slots. + Dual FOD/HOD. 
controller. * 2 half height drive cavities exposed. 

* 1 half height drive cavity enclosed. + 2 serial ports. 

* 1 parallel port. « System configuration in CMOS with 
battery back-up. + 101 key keyboard. + Includes MS 
DOS 3.3 & GW BASIC. - 145W Universal power 
supply. * Zero wait state. * Socket for 80287 co- 


momerboari. Mir: Sugg. Retan; $3,449.00 $ 


women, Mae 1 499 de 


+ One Year 
Warranty! PRICE 

» Factory New & em No, 2087 
Perfect! ShipiHand. 


FOR FASTEST SERVICE CALL TOLL FREE arv| DESCRIPTION ITEM& | smn | PRICE 
m €* 1-800-729-9000 
CUSTOMER SERVICE: 1-612-566-4940 
NAME 
ADOS PANE TORUS CORNET SINES oop TOTA 
CITY ST ZIP. in MN add 6% Sales Tax 
PHONE. Total S/H/l 
Check/Money Order [] VISA SIGNATURE STE, ur 
MasterCard [_] Discover CARD NO. EXP. DATE. 


HMM sena To: DAMARK INTERNATIONAL, INC., 6707 Shingle Creek Parkway, Minneapolis, MN 55430 lil g 
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Recycled Paper 


START YOUR OWN MANUFACTURING BUSINESS 


Introducing 


SHAPEMAKER ptastic Former 


Make your own products 
or manufacture for other 
businesses 


Auto Parts * Boating Accessories 
Toys * Garden Products 
Packaging * Household Items 
RV Parts * Signs 


Industrial Components 
Skylights + Planters + Machine Guards 
Luggage * Electronic Housings 
Blister Packs * Display Cases 
Seed Trays * And much more 


EASY TO OPERATE, COMPACT, SELF-CONTAINED 
SHAPEMAKER FORMS ORDINARY SHEET PLASTIC INTO AN 
INFINITE VARIETY OF LOW COST/HIGH PROFIT PRODUCTS. 


Write today fora a SHAPEMAKER information package 
| have enclosed $5 ($10 foreign). Please rush information package to: 
Name 
Address 
City State 


SEND TO: Design Reference, Inc. - Dept. PS70 
4410-D Providence Lane * Winston-Salem, NC 27106 


Zip 


CABLE TV 


DESCRAMBLER KIT 


Jerrold 400 with remote control 
Re-manufactured with new remote 


CALL TOLL FREE 
1-800-332-3557 
VISA, MasterCard and COD. 
FREE CATALOG 
Outside USA call 1-508-699-6935 
add $3.50 S+H, $6.00 outside USA. 
D & I Electronics, Inc. 
|, PU Ber SS UP 


CC  PRESENTING A & c 


CABLE TV 
EQUIPMENT 


KH STARRING dcc 
, HAMLIN, OAK 
AND OTHER FAMOUS MANUFACTURERS 
* FINEST WARRANTY PROGRAM AVAILABLE 


* LOWEST RETAIL/ WHOLESALE PRICES IN U $ 
* ORDERS SHIPPED FROM STOCK WITHIN 24 HOURS 


FOR FREE CATALOG ONLY 1-800-345-8927 
FOR ALL INFORMATION 1-818-716-5914. 


EJ 


PACIFIC CABLE Ci 
IESEDA, CA 91. 


4 
CLEANING/MAINTENANCE/REPAIR 
EARN UP TO $1000 A WEEK, WORKING 
PART TIME FROM YOUR OWN HOME! 


On hot summer days the 

interior of your parked car 

can become a 200-degree 

BLAST FURNACE. 

You know the feeling: you park 

your car in the hot sun, and when 

you return, trudging across a hot 

parking lot, you open the car door 

and are greeted by a heat explosion. E 

The solution m the hot sun to 

youradvai e with the revolutionary AutoVent. This SOLAR POWERED VEHICLE VENTILATOR 
slips easily onto any roll-up window. Its solar panel converts sunlight into electricity to run a small, yet 


7 
THE MONEY MAKING OPPORTUNITY 

| OF THE 1990'S 

IF you ble to work with common small hand 
tools, 

| IF you possess average mechanical abili 


powerful fan. The fan 


TS OUT stale, hot air, and DRAWS IN fresh, cooler ai. Completely ex- 


changes the air in your vehicle every 15 minutes! No wires. no batteries... 
sun to ventilate your car, truck, RV or van. Fits windows from 17.5" to 24" wide. Lig 
maintenance free, weatherproof and impact resistant. Use AutoVent to increase your 
comforts” and to REDUCE STRAIN ON YOUR CAR’S AIR CONDITIONING SYSTEM, PRO 
EXPENSIVE ELECTRONIC EQUIPMENT FROM 3 
STERY AND DASHBOARD. One year w 

by mail TODAY just $29. 


MC/Visa & COD orders 
CALL TOLL FREE , 
1-800-821-5157 


DutchGuard, Dept. PS-7 
P.O. Box 411687 
Kansas City, MO 64141 
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just FREE POWER from the 


r! 

FACT: up to 90% of ALL VCR malfunctions are due 

to simple MECHANICAL or ELECTRO-MECHANICAL 

lowns! 

FACT: over 77 million VCRs in use ti 

Average VCR needs service or repair every 12 to 18 

months! 

Viejo's 400 PAGE TRAINING MANUAL (over 500 pho- 

tos and illustrations) and AWARD-WINNING VIDEO 

TRAINING TAPE reveals the SECRETS of VCR mainte- 
world" information that is 


Also includes all the info you'll need regarding 
the BUSINESS-SIDE of running a successful service 


operation! FREE INI TION 
CALL TOLL-FREE 1-800-537-0589 
Or write to: Viejo Publications Inc. 
3540 Wilshire BL. STE. 310 
Los Angeles, CA 90010 Dept. PS 


REMARKABLE NEW YARD CART 
WITH REMOVABLE BAG HOLDER 


Bag slides easily to ground! 


M4 cu. ft. poly tray. 

E Holds up to 250 Ibs. 
Adjusts for bag size. 

W Durable rubber tires. 

E Sturdy, lightweight. 


sags freight included. 


T. Cal res. add 6.75% tax. 
Check, Visa, MasterCard. 
Allow 3 weeks delivery. 


McLane Manufacturing, Inc. 
ORDER:1-800/733-8158 7110 E. Rosecrans Ave. 
9 to 4 Pacific time, Paramount, CA 90723 


OWN YOUR OWN HOVERCRAFT 


The ONLY TRUE All Terrain Vehicle! 
SCAT HOVERCRAFT, INC. FLY 


The largest manufacturer Over Land, Water 
of recreational Ice, Snow on 
Hovercraft in 

the world 


Call 
Toll Free 
1-800-541-7228 


For Free Information 


SCAT HOVERCRAFT, INC. 


NEW!! DYNAPLUG 
TIRE REPAIR SYSTEM 


See in Popular Science "WHAT'S NEW,"July ‘90. 
Puncture fix that works! Never breaks or gets 
stuck! Goes in easy! Seals tight! 

NO REAMING. NO GLUE. NO MESS. 
LIFETIME WARRANTY 


iuum —1 


For CARS, TRUCKS, RV's, ATVs& TRACTORS. " 
Tool + 4 Plugs $9.95. 5 refills $2.29. IN add 596 tax. 
Add $2.50 S&H. US currency. Send check or call. 
Hector Engineering Co., Inc., 1821 W. 3rd. St., 
Bloomington.,IN 47403. 1-800-535-0309 


DEALERINQUIRES INVITED 
6865 N.W. 36 Ave. 
Miami, FL 33147 


1-800-648-7938 


JERROLD HAMLIN OAK ETC 


CABLE TV 
EQUIPMENT 


* Special Dealer Prices! 

* Compare our Low Retail Prices! 
* Guaranteed Prices & Warranties! 
* Orders Shipped Immediately! 


REPUBLIC CABLE PRODUCTS, INC. 
4080 Paradise Rd: #15, Dept. 
Las Vegas, NV 89109 

For all other information (702) 362-9026 


In broad daylight make color or B&W prints 
from slides or negs using any chemistry 
and paper including Cibachrome. Compact | 
unit operates in home, office, even RV. 
COMPLETE SYSTEM $299.00 
To order or for free catalog call (714) 988-3233 | 
or write DAYLAB, 200A East Main, Ontario, California 91762. 


AMAZING. CHOR d iE machine 
CLIMBS to 10,000 feet MO LICENSE 
Fequired NO WINGS or Helicopter blades 
COMPLETELY TRANSPORTABLE SAFEST, 
Cheapest way to fiy for complete info ] 
mo flight send $5.95 

Fliers, EO. Bor 135. . West Pittston, PA 
X 18643. (Buy One Be A Dealer If Open.) 


| 


1500 sq.ft. home plans & fully engineered 
connecting hardware— $3250. Complete pre- 
cut kits and a variety of floorplans available. 
Attractive, easy-to-assemble, energy-efficient, 
New 40-page color catalog & more—$12. 


AE. TIMBERLINE GEODESICS 


[2015 Blake St., Berkeley, CA 94704 1-800-DOMEKIT 


CABLE TV 
DESCRAMBLER LIQUIDATION! 


* Major Makes & Models! 
* Will match or beat anyone's prices! 
* Dealer discounts at 5 units! 


* Examples: 
HAMLIN COMBOS . $44 ea. (Min. 5) 
OAK ADD/ON $40 ea. (Min. 5) 


OAK M35B $60 ea. (Min. 5) 


WEST COAST ELECTRONICS 
For Information: 818-709-1758 
Catalogs & Orders: 800-628-9656 


' Si 
INGERS! id Bost » Best Bands! 


The Eliminator| 

removes from standard stereo! 

acords E CDS) Unlimited Supply of 
Music! 


Work part time, full time 
at 


—we Az 
you every step of eem. \ 
No doubt about it. . . as a small engine’ 


pro, you can cash in on the huge de- 
mand for qualified men in one of Amer- 47" 
ica's fastest growing industries. You'll. V... 
be able to command top hourly rates of from ~ 
$25.00 to $30.00 per hour — and that's just 
for labor. 

Plenty of business waiting for qualified men. 
100,000 Small Engines Are In Use Today! 
That's the official count from the Engine Service Assn., and 
one-million new engines are being built each month. With 
Foley-Belsaw training, you can soon have the skill and 
knowledge to make top money servicing these engines. 


your owa 
money malint 
‘pusiness! 


Professional Tools and Etant PLUS 4 hp Engine 
AII YOURS TO KEEP... All at No Extra Cost. 


NO EXPERIENCE NECESSARY! 
You don't need to be a ‘born mechanic’ or have any prior 
experience. Lessons are fully illustrated... so clear you 
can't go wrong, and wih our famous iear-by-dong 


1 QE nns san men REE bok! at jv a ae- 

{ais about starting my owe 'n Smal Engine Repar 
T Pescestana mars a lo Snug na tat No Shaaman wa 
pare me 


I 
1 Se | 
! 


‘ory. 


mih protection against En 

plat ra PAST at oles! Cle PORTS | Tells how you 

Fg fn Vor uses a CERCA: ‘quickly rain to be 
an hou à 

Brsaw’s shortcut traning. lake advantage of todays | 3 Profitable 

nae tunities in Locksmithing for year- | Sparetime or Full. 

found IME in spare time — or full ime in a | time business of 

Rire business of your own. Hundreds wave | your own. 

ale have done i. So can YOU! Al tools plus proles- | ge Foa 
Sonal Key Machine given you wilh course. These pus 

practice materials and equipment, plus Simpe, Mur ‘Youn COPY 

trated lessons, plus expert supervision, plus business- | TODAY! 

bui wil enable you to KEEP THE MONEY 

COMING NT del for retrement — good jobs. 100. 30 DAY NO 


: 
3 
i 


VARGAS IY Md Gl 
PLEASE RUSH FREE BOOK “Keys To Your Future" 


| esp 


He's making a 
concrete flower pot... 
and so can YOU! 


Make and sell your own 
ornamental concrete items. 

Order your book about 425 
aluminum molds, prices and 
production trade secrets from the 
world's largest mold manufacturer. 


CONCRETE MACHINERY Ci 
P.O. Box S99, Hickory, NC 28603 


oniy $10 


* 
Ed jeudi. Tm 
TALOG of ure... $1.00 

TECHNICAL MANUAL $700 8 


STRUCK-KIT » Box 307 + Dept: 


Control Water Weeds 


Amazing new Underwater Harvesting Tool! 


the WATER-WEEDER™ Harvester 


Cut aquatic vegetation from s bos, fom a dock 
Control weed 


ELTE ee 


Call or write today for FREE information package. 
TOLL FREE 1-800-552-1217 
E 


Waterside Products Corp. 
PO. Box 876, Lake Mahopac, New York 10541 


Classified Opp 


ortunity Mart - 


Reach 44 million readers every month with an ad in Popular Sciences 
Classified Opportunity Mart. September Issue Deadline (on sale 
August 14) is June 25. Rates: $10.50 per word. Min. ad 10 words. 
Darker type (Bold) words $1.00 per word extra. Display Classified: 
$585 per inch. Payment with order, or charge your Visa, MC, Amer. 


Exp., or Diners Club Account (give # & muy Advertisers using box 
number in ad must furnish name & street address for our records. 
Send order & remittance payable to POPULAR SCIENCE, Classified 
Dept. 6C, 2 Park Avenue, New York, NY 10016, 212-779-5163. For 
advertising informatión call 800-445-2714. Fax #: 212-779-5568. 


CABLE TV 


DESCRAMBLERS 


JERROLD $105.00 


STARGATE... $99.00 
$185.00 


MANY MORE... CALL OR WRITE FOR 
FREE FAST INFORMATION. 

YOUR BEST BUY'S & WARRANTIES 
FOR CABLE CONVERTERS AND 
DESCRAMBLERS START WITH A 
FREE CATALOG FROM: 


ORDERS AND CATALOGS CALL 
TOLL FREE 
1-800-624-1 15 0 


FOR INFORMATION PLEASE CALL 


(402)554-0417 


UNSURE OF THESE LAWS CHECK WIM YOUR LOCA. OFF CALS 


S TOP JAMMIMG ME 
you rent video tapes they're 
jamming you too. 


, VCR's, gets Cable. 
EZ] Order toll free 


1-800- 624. 1150 


all or write for your free catalog 
E 4-03; 


Everquest. "Corp. 875 So.72nd 
Omaha, Ne. 68114 


CABLE TV DESCRAMBLERS! 


BARGAIN HEADQUARTERS! 


*JERROLD^ -TOCOM -HAMLIN 
-OAK -ZENITH -SCIENTIFIC 
ATLANTA 
6 month warranty! We ship C.0.D.! 
Lowest retailwholeesie prices! 
FREE CATALOG: 

Global Cable Network 
1032 ring 9t Suite 109 

S.F., CA 94 
NO CALIFORNIA SALESI! 
ORDER TODAY! 800-327-8544 


AUTO SUPPLIES & EQUIPMENT 


ENGINE OVERHAUL KITS: Wholesale 
Catalog $2.00. Engine Service Group, Dept. 
PS, Box 13053. Lansing, MI 48901. 


SLICK 50, WE WILL BEAT ANY 
PRICE! U.S. AUTO-TECH, 1-800- 
227-5425. FREE CATALOGUE! 

TEFLON/PTFE OIL Save big $$$! Make 
your own for $3/Qt. Easy! Ingredients readi- 
ly available in stores. Instructions $5.00. 

m Product Works, Inc., PO Box 515, 
Branchville, NJ 07828. 


COLD DR N K S 
FROM YOUR AUTO AIR CONDITIONER 
The cut-to-tit adapter allows the 


TRAILER - HITCHES Wholesale Draw- 
tite - Da'Lan Domestic - Foreign. Master 
card, C.O.D. Visa. (305) 233-5619. 


GUARANTEED! Revolutionary device 
increases mileage and performance. Gas or 
Diesel. Easy installatioh. $1.00 for informa- 
tion and order form. Allyn-W Enterprises, 
P.O. box 2335, Portola, CA 96122 


AS SEEN ON T.V! - GLO SHIELD/ 
GLASS SHIELD Automotive, Boat, House- 
hold care products. Saves You Time and 
Money! Easy to use! 2,000,000 Satisfied Cus- 


tomers! 3 year Guarantee! Catalogue $2.00. 
40 Wall St., suite 2124, New York, N.Y. 
10005. 


FIRE EXTINGUISHERS 


‘OUR INFORMATION PACKAGE WILL TELL YOU 
WHAT TYPE OF FIRE EXTINGUISHER TO USE ON 
YOUR HOME, AUTO, BUSINESS, PLANE. BOAT. 
CO27 HALON? DRY CHEMICAL? 
INDUSTRIAL GRADE AT DISCOUNT PRICES! 
SIMPLY SEND $2 (REFUNDABLE TOWARD 
FIRST ORDER) FOR INFORMATION PACKAGE 
‘AND COLOR CATALOG TO: 

PALM SPRINGS FIRE, PO. BOX 1607 
PALM SPRINGS. CA 92263 (619) 325-6080. 


BETTER HEALTH 


BREATHE EASIER Auto Air lonizer Re- 
moves Fumes, Pollen, Dust, Cig. Smoke, & 
odors from your car. $29.95 plus tax, Check 
or M.O. to: Walker Enterprises, Box 10, Dun- 
k PA 15432. 


LEARN HOW to REDUCE STRESS! 
Send $7.50 to: HH Consults, P.O. Box 900, 
‘Texarkana, Arkansas 75504 


START YOUR OWN HOME GYM. De- 
tailed Easy to follow plans. $3.00 plus s.a.s.e: 
M. Driver Enterprises, PO. Box 27809, 
Memphis, TN 38) 


FINGERNAIL BITING BREAK- 
THROUGH - No. Chemicals/Cover-U| 
Guaranteed! $5.00: IDEAL SOLUTIONS, 
PO Box 22-1773, Hollywood, FL 
33022-1773. 


DON'T TRUST tap, filtered or bottled 
water! Be Sure. Purify your own for pennies. 
Only $14.95. Money back guarantee. Inno- 
vations Unlimited, Box 3747, Carson City, 
Nevada 89702. 


QUALITY DRINKING WATER 
virtually FREE! 


WESTYLE PRODUCTIONS LTD. 
Box 6447, Depot #1, Victoria B.C. VBP SM3 CANADA 


TOILET SEAT HANDLES. Sanitary, 
Healthy Addition To Any Bathroom. $2.86 
-— To: HSP, 1183 Appiston Road, Elkton, 


REGULATED DIET? 
America's No. 1 Food Analyser takes the 
guess work out of 1200 food items 
+ Diabetic « Heart Patient - High Blood 
Pressure + Cholesteral imbalance 
| "Elderly = Fitness, Health Concious. 
I A PERFECT GIFT FOR SOMEONE WHO. 


| MEANS A LOT TO YOU 
(Maybe yourself or your tamiy) 
TAKE CONTROL 
$199.00 tthe sauen o a buton 
co Yero: Codes 
* Fat Fibre» kon 
* Carbohydrates + Protein. 


| * Sodium = Calcium 
SENTRONHEALTH SCALE Low Introductory Price 

| Order Tol Free Visa, Mastercharge or send cheque 
to: Word Health Products P.O. Box 8195-89, 

| Blaine, WA 98290 Order Tol Free 1-800-663- 7818 
Dealer inquries welcome! 


AUTOMOBILES 


10: HK Commodities, 2827 
Broadwel Dr., Raleigh, N.C. 27606. 


1$ It True You Can Buy J For $4 
fe the U.S. Government? Get the fact 
Call 1-708-742-1142 Ext. 4606. | 


CARBURETOR ENHANCER. Can dou 
ble mil , retain full power. Free detail 
Eagle Research, 1-800-663-4758 
604-426-7229. 


VAPOR Carburetor Triples MPG. Free Infos 
mation. H&A, R2PS, Bowling Green, Mí 
63334, 


E —L——————À 
GOVERNMENT SEIZED TUM fro 

$100. Fords. Mercedes. Corvettes. CI 

Surplus, Bu Buyers Guide (1) 805-687-600 


MOPEDS, Electric Cars plus parts, m 
pals, accessories, unique catalog $3.0 
formance Speed 'onqui 
Jacksonville, FL 32210. VM 


DO Your own Radiator repairs. Manua 
$9.95 PPD. Box 332A East Detroit, 
48021 


REBUILDING BOOK: Electric Wiper. 

indow. Radiator Fan and A/C blower mi 
torn, $30.98. AEM Technology, Box 4360 
Lago Vista, TX 78645. 


TOP Car Thieves with Gas Stop; worr 
no more, send $4.00 cash or money one 
with self addressed stamped envelope Fo 
Blue Prints. BO. Box 46, Greenfield, MC 
65661. 


BUILD A WIND RACER 
THREE Wheels, Sail Powered. Plans $12.0 
Brochure $2.00. Pla Innovations, P.O. Bo 
393, Cassadaga, NY 14718. 


NEW, ULTI-ENGINE ROTARY! 80m] 
300hp!! Schematic, Patent drawings $3. 
1601 West J, Oakdale, CA 95361. 


TRADE IET Easy, in vehicle, alter 
nator test. $500 00 Alternator: PS Box 33621 
Juneau, AK 99803. 


SAVE $5000 EVERYTIME YOU BU! 
A NEW CAR. Detailed rt REVEALS 
SECRETS of. beati: lers at thei 


own game. You Pocket Thousands, Onl 
$9.95 plus $2 S/H. INTRADEX, Dept. Si 
Box 577, Marshfield, MA 02050. 


BOATS, INBOARD & OUTBOARL 
MOTORS 
BOAT KITS_PLANS—PATTERNS— 


CHOOSE FROM HUGE SELECTION- 
8'/70' — Powerboats — Sailboats — 
Houseboats — Rowboats — Hydropl 


boa: 
Kayaks — Dinghies — SUPPLIES — 
Epoxiés — Fiberglass — Foam 
FOR GIANT ILLUSTRATED CATALOG 
$3.00 ($5. 00 airmail) —Book "Amateui 
Boatbuilding RKCRAFT 16 
S Aqualane, Tonawanda NY 14150. 


EVINRUDE—OTHER BRANDS 198: 
BARGAINS . .. All Sizes . . . $2.00 Han 
dling. Scott McCulloch parts. . . Electra Ma 
rine, 610 Merrick Road, Lynbrook, Nev 
York 11563. (516)599-3003. 


BOAT PLANS—PATTERNS—KITS— 
Hundreds of Proven Designs—7'/55'— 

Hydroplanes — Canoes — Kayaks — Row 
boats—Duckboats—Dories—Bassboats— 
Sailboats—Houseboats—Sportfishers— 
Latest gres Sines pipe y a 
168 page DESIGN BOOK—$4.00 
MAIL. Includes FREE "Boatbuilding ‘Sup 
plies” catalog. Book: 312 page BOAT 
BUILDING WITH PLYWOOD, NEW 3r 
Edition ONLY $25.95. GLEN-L, 9152 Rose 
po] Box 1804/PSZG, Bellflower, C/ 
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ALTERNATE ENERGY 


FREE ENERGY! Fuel-less Motors and 
pnerators! H&A. R2EPS, Bowling Green, 
|O 63334. 


SOLAR CELLS 


I you wantSolarElectricity atthe Very Best 
Prices, send$2 (Refundable)forourcatalog 


of New & Surplus Solar Electric panels, 
cells, inverters, controllers, books, and 
related technology for independent power. 
APPLIED PHOTOVOLTAICS, 
80x2773, Staunton, VA24401 
"Bringing thecostof Solar Electricity down 
toearth.” 


PERPETUAL Motion Puzzle Solved! Ex- 
ing re) newsletter; catalog $5.00. 
U, 261P, Morton, WA 98556. 


LAYMAN'S GUIDE TO UNDER- 
'AND AND INSTALL YOUR OWN 
OUND SOURCE HEAT PUMP. $19.00 
B. &E. Blair, OK 73526. 


[oris collectors you construct. Send 
10909-PS Hayvenhurst, Granada 
ls, ICA 91344 


120VAC from 12/24/48VDC. Build 
n Info $2.00 Airwave 3528 E. Grant, Tuc- 
AZ 85716. 


STOP throwing money away. New oil sav- 
1 $1.00 for brochi 


g device. Send ure. Bonnell 
tarprise, 4649 W. Sierra, Glendale, AZ 


man INT Flat plate collector 
jans $12.95. Solar pool heater plans $5.95. 
im Jackson 1154 Ingleside Avenue, Jack- 
jnville, FL 32205. 


|12 VOC to 120VAC INVERTER plans. 


e common, inexpensive parts! $7.95: Stan 
Feeman, 369 Zandeck, Chehalis, WA 


GN your own A.C.-D.C, motor 
ives. Complete design manual. $15. U.S. 
imka Enterprises Inc. 294 Walker Rd. 
hnit 3 Bramalea, Ontario L6T-422 Cana 


DON'T SPEND ANOTHER DIME ON 
STED FUEL. Make your own fuel for 

Dv a Gallon. 200 MPG from your car. Free 
ormation. T and L Publications, 1003 Riv- 
on Dr. San Carlos, CA 94070 


ARTS & CRAFTS 


“GETTING Started In Stained Glass” 
.00. Whittemore, Box 2065X, Hanover, 
02339, 


SUNDIAL LAYOUT MANUAL. $5.00. 
JJ, Inc., Box 445C, Export, PA 15632. 


POTTERS WHEEL Build your own. 
omplete plans $5.00, Miguel Mirabal, RT 1 
px 1540, vas Vegas, N.M. 87701 


BUY IT WHOLESALE 


GLOSEOUTS! Wholesale! Overruns! 
eebies! Information (stamp): DDN, Box 
D152-G, Ferndale, Michigan 48220. 


(400,000 BARGAINS Below Wholesale! 
Hany Free! Liquidations Closeouts! -Job 

Single Samples. Free details. 
orldwide Bar, ainhunters, Box 1409-B, 
lolland, MI 49422. 


COMPUTERS 


BUILD your own Macintosh and save 
Do. New book shows how. Free info. 
rants, Box 68708, Portland, OR 97268. 


ATTENTION PC NOVICES. Complete 
juide to purchasing and using wing persone! 
pmputers. $6.95. 

field, NY 14526. 


ganas ONLY: $2/DISK APPLE I'S! 
latalog: $2. Cider Software, Box 6148, Fort 
ob, Hf C. V1J 4H6. 


FREE COMPUTER LABEL SAMPLES 
Ir diskettes, video, audio, others. Send #10 
A.S.E. Computer Label Company, 555 
ommercial Road #11, Palm Springs, CA 
2262. 


“HOW TO BUY A COMPUTER WHEN 

lOU DON’T KNOW MUCH ABOUT 
JOMPUTERS:" You need this book. Send 
10.00. Insight Publications, 3950 Sentry 
rosing, Marietta, Georgia, 30068. Guar- 
hi 


FREE Programs!! IBMpc's/Apples/ 
(Commodores. EZRAEZRA, Box 


'RS80 
222SJL, San Diego, CA 92105. 


FREE Software Demo Programs! Fro 
Lotus, Microsoft, etc. Send $350 for list 
Software Demos. PO. Box 461, Carmel, IN 
46032. 


BUILD your own 100% IBM compatible 
uter for under $500. Guaranteed. 
Booklet $10.95. Ross Consulting, 3148 
Geary Boulevard, Suite 345, San Francisco, 
exons. 


LOWEST PRICES IN THE WORLD 
GUARANTEED! Computer Stem and 
Software. Send $10.00 for Su 
Collection, Free ae and Catalog Spee Spec- 
ify Format, ROSS COMPUTERS, Box 1502 
#138, Red Bluff, CA 96080. 


TWENTY MEGABYTES IBM SHARE- 
WARE. Only $49.95. 5.25HD Diskettes. Cy- 
bertek, Box 1528, Stafford, VA 22554. 


ASTRONAUTICS 


LARGE ROCKET Kits, Motors. $1.00. 
HSR, Box 5127, Reno, NV 895: 


BUILD YOUR OWN 
ROCKET MOTORS! 


€ UP TO 80 POUNDS THI 
H USING SIMPLE MATERIAL 
€ FOR JUST esc APIECE! 


Homemade rockets go together quickly Use 
homemade fertier charcoal ioei Models 
nds of feet: 


fy thousar 
‘Write tor our ca 


i! Speeds to MACH 11 
ended ys 
eee zx 
woe 
feet wae 


PS% THE TELEFLITE 
TION, 11620 Kitching, 
Moreno Valley, CA 92387 


DISCOUNT ROCKET sS. 
KITS. A $1.00 Wabash Hobbies, 
Louisville, IL 6285! 


30 ANTIGRAVITY MI 


IETMODS! Amaz- 
ing Catalog: Send $2.00. Rexco, Box 19250, 
Jean, NV 89019. 


PARACHUTES FOR 


io TYPE. 
24° $995, 547 $11.95, 44° 915.95 


cros: 
40" $10.93, 50 31595, 60° $1995 
Ho CHARGE FOR SHIPPING & HANDLING CA RES. ADD 
APPROPRIATE SALES TAK ALLOW 6 TO 6 WEEKS DELIVERY 
Creative Technical Solutions 
1016, ARLETA, CA 81351. 


PRIVATE party launching titan rocket, 
carries $150 million payload, needs only 2 
million in investments, incredible oppor- 
tunity. For Catalog, information, send 
money order $10.50 made out to: Dan 
Wesley, 2802 Calle Reyoso, Pleasanton, Cal- 
if 94566 


ALL TERRAIN VEHICLES 


BUY ONE AND WE'LL MAKE 
YOU AN EXCLUSIVE DEALER 


max ATV 


Call Toll-Free 1-800-255-2511 


(From anywhere in the U.S. or Canada) 


Recreatives Industries, Inc. 
60 Depot Street, Buffalo, NY 14206 


OFFROADER PLANS, uses motorcycle 
engine, 100 ios pus HPL: Bow US includes 


postage, Box 254, Kar- 
Pinyuh, WA, 6018, Australia 
AVIATION 

BOOMERANGS. . . INCREDIBLE RE- 

TURNS! Worlds Best Hi-Tech Designs. 


Free Illustrated Catalog. Amazing! 
BoomerangMan, 1806-2 N. 3rd, Monroe, 
LA 71201-4222. 


HELICOPTER! 
af 


‘May be flown 
without a license 


[Helicopter Pians. -~ 
Helicopter Experimenter Book 
|Complete Kit Info. . 
SPECIAL! All 3 items 


Build this Si 

* Full size blueprints & assembly manual $20 

+ Complete & partial kits available 

+ Pedal operated * Send $1 for catalog 

+ 4 Modeis to choose from 

+ instant Collectors nem 

Wings & Wheels for 
kids of all ages 

23025 PS Sonoita 

Mission Vig CA 


[ Ultro 


light Helicopter 


S ~ Pilot License Not Required - 


pat, 


CB RADIO 


POLICE-FIRE SCANNERS, CP'$ 

MARINE 2-WAY, ANTENNAS, HPR, 

BOX 19224P$, DENVER, CO 80219. 
TRANSFORM Automobile CB into a AM: 

TENNALESS fully tuned system. 

BnS mase Riverbend Road, Dalton, MON 


CABLE EQUIPMENT 


CABLE TV BOXES We sell only the best. 
low prices, we ship COD. Free Brochure. Ace 
Producta, P.O. Box 582, Dept. S, Saco, ME 

26. 


CABLE TV 
EQUIPMENT 


eters, Remote Controls. 
Descraniblers, CD Players 


JERROLD-OAK-SCIENTIFIC 
ATLANTA-HAMLIN 
ZENITH MANY MORE CALL TODAY! 
V^ Only quality products sold 
V^ Easy to usc Satisfaction guarantccd. 
V^ Knowlcdgcable sales staff 
# Most orders shipped within 24 hours 


CALL FOR YOUR FREE CATALOG 


E 1-800-228-7404 NB 
MAKE THE CONNECTION 
WITH 


NU-TEK ELECTRONICS || 


5114 Balcones Wood Dr. #307 Dept. 298 
Austin, TX. 78759. 


DESCRAMBLERS Jerrord $99.00 Oak 
$99.00 Scientific Atlanta $119.00 Trimode 
bit 19.00 1-800-628-5056 


CABLE TV CONVERTERS BARGAIN 


ZENITH, HAMLIN, 
TIFIC ATLANTA. ORDER YOURS TO- 
DAY. 800-327-8544. 


DESCRAMBLER M35B. Only $39.95. 
Guaranteed. Telamar. 9016 Wilshire Blvd. 
$828, Beverly Hills, CA 90211. 
1-800-648-4600 


"CABLE TV Descrambler Plans, $3.00. 
Stevens, Box 20286, Bowling Green KY 


"CABLE BOXE: 
Bu: 
: Jerrold SB 


: Scientific Atlanta 


1-800-848-3997 


CABLE TV SECRETS—the outlaw pub- 
lication the cable companies tried to 
ist ete Channel, Bg cies Di 

rs, Converters, etc. Suppliers list 
SER "$0.95, Cable Facts, Box 711-PS, 
Pataskala, OH 43062. 


MAINTAIN CABLE PRIVACY Order 
‘Tech-Block ! $19.95. ze Door Video, 
P.O. Box 518, Belleview, FL 32620-0518 


CARTOONING, SIGN PAINTING 
LEARN Sign Painting, Pinstriping. Free 


Catalo ‘aufmann Apnd 'enter- 
town, 3. 


COINS & CURRENCY 
BUDGET world coins/banknotes! Write 
Ronalea Collectibles, Box. 130-PS, Plumas, 
MB Canada ROJ1PO 


DO-IT-YOURSELF 
TELEPHONE LISTENING DEVICE 


Record telephone conversations in your offica or 
ome Connects between any cassette or pe 


Super Powerful FM TRANSMITTER 
Many tes more powertui man other Wansmates 
Transmas up to mite lo any FM rado -Easy 10 


PICKS UP A WHISPER 50 FEET AWAY 
The model WAT-50 miniature FM transmitter 
uses a 4-stage circuit NOT to be confused with 
a simple wireless microphone, Simply snap the 
unit on top of a 9V battery and you can hear 
‘every sound in an entire house up to 1 mile 


Call or send MO, VISA, MC for immediato de- 
livery. Include $1.50 S&H. FREE SHIPPING 
on orders of 2 or more. All orders shipped by 
U.S. Mail. COD add $4.00. Personal checks 
allow 21 days. 
DECO INDUSTRIES 
BOX 607 
BEDFORD HILLS, NY 10507 
914-232-3878 


NEW HE NE 
LASER TUBES $35 
Dealer inquiries Invited. 


Free Catalog! 
MEREDITH INSTRUMENTS 
6403 N. th Ave. © Glendale, AZ 85901 » (602) 034-9987 

"The Source for Laser Surplus” 


START YOUR OWN SHOP 


Peter Horsley Publications 
115 Riverbirch Cres. SE Calgary AB., Canada T2C 3M1 
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DO-IT-YOURSELF (Cont) 


ARROWHEAD . VHS $29.95 S/H 
$3.50. Commons, Box 5012-PS, Central 
Point, OR 97502. 


SAVE HUNDREDS on air conditioning 
costs. d by Te V instructions to 
maintaining me a/c system. Send 
$19.95 + $2.20 sh to: LS Enterprises, Box 
8788, Redlands, CA 92375-1988. 


DETECTION—Surveillance, Debug- 
g . Plans, Kits, Assembled Devices. Latest 
-Tech catalog $5. Detection Systems, 
2515 E. Thomas, # #16-864A, Phoenix, Arizo- 
na 85016. 


QUARTZ CLOCK MOVEMENTS and 


Uy piel Low Prices! Yankee Ingenuity, Box 
Altus, OK 73522. 


‘AMAZING 


IENTIFIC & ELECTRONIC 
PRODUCTS 


‘QRAT-ANT| GRAVITY GENERATOR 


VATES MLE AITO TELEPHONE TRANSMITTER 12.30 


ASSEMBLED 
{THO ETT MTR Lt 1 va phe ines $198 0 
PETO MSIE PAN PELD BLAST WAVE GENERATOR 


TATO AUTOMATI TELEPHONE RECORDING DEVICE mo 

SOM SOME BLAST WAVE PTOL. $89 30 
DNE1O—ALL NEW 26° VIVIO COLORED NEON STICK $74.50. 
L9UZ9— 5 TO 1MW VISIBLE RED Hehe LASER GUN $199.50. 


PP TRIALOG $100 ON FREE WTN ORDER 


INFORMATION UNLIMITED 


P 0. BOX 716, DEPT PSB AMHERST, NH 03031 


SURVEILLANCE 
TELEPHONE 


This is à normal functioning 
telephone! EXCEPT it has a 
secret built in monitor. 

Only YOU can call and monitor all conversations, using 
a secret code, and never be detected! Range Unlimited 
517500 — 6 month Warranty — Phone Tap Catalog $300 
LISTEN ELECTRONICS, 603 Eigin, Muskogee, OK 74401 
1-800-633-TAPS 


TEACH YOURSELF to EAT with a 
VIDEO! Toll free 1-800-359-RUSH. 


200 SUPPRESSED/DORMANT IN- 
VENTIONS! RA! INFORMATION 
DATABASE CATALOG! $2. REXCO, Box 
19250, Jean NV 89019. 


SURVEILLANCE KITS! Telephone, 
Room, Combination Telephone/Room Trans- 
mitters. Catalog with errare 
EAVESDROPPING EQUIPMENT 
SIQN” Book Review, $1.00. Sheffield Eee 
tronics, 7223B Stony Island, Chicago, IL 
60649-2806. 


MICRO FM TRANSMITTER, 3 Mile 
range, plans $6.00 FMA, P.O. Box 4383 
Bloomington, IL 61702-4383. 


HOMEMADE ALCOHOL STILL. Plans 
$9.95. Odell Hobbs, P,O. Box 4392, Spring- 
field, MO 65808 

LASERS - Build Gunsights, Pointers, 
Lightshow, Nitelite, Lab. Blueprints and In- In- 
structions $9.00 Each. 3 For $: 
NIGHTWRITERS POB 44188. Phownix AZ AZ 


KEYLESS GARAGE ENTRY 
cess with this all-weather system! 
installation! Personal security code. 
patible with all automatic garage door 


Georges Poe BWANA Di md 


$5008 (380 PH to 


ac- 


TORS, PO Box 91318, San Diego, California 
92109. 


RECORD 12 HOURS ON A SINGLE 
STANDARD CASSETTE. Voice Activated 
extended play recorders. Free Brochure. Pro- 
ductive 
GA 30093 


lectronics, 930024, Norcross, 


POOL PLANS. Eas- 
ily med. Give thousands. Complets i 
structions, $9.95. Homebuilt Pools, Box 
44455, Rio Rancho, NM, 87174. 


WATERBED PLANS Save 
make your own. Styles for all 
$8.95. Jersey Enterprise, Box 
Brook, NJ 08812. 


ITTER - Easy build from old car 

rts, plans $9.95. The Northern Co., P.O. 
Box 1584, Plattsburgh, NY 12901 

SERVICE P rad own air condi fener No 

ial tools! Ste Step instructions from 

2 Professional, GSB Enterprisen. PO Box 

835 Chatham, Ontario, Canada N7M 571 

UTILITY TRAILERS - SAVE HUN- 


DREDS! Build Yourself. Have built FREE. 
Single axle, any size, Blueprints and infor 


mation $10.00. Watkins Enterprises, P. 
Box 525 Mason, TN 38049. 

PERMANENT Fence Fost you can build 
yourself. Plans $12.95 to Gui la, P.O. Box 
1559, Modesto, CA 95353. 

MAINTENANCE FREE POOL 
MEAT. Easy to build plans, $6.50. Eng» Box 
1211, e, 161301. 

MINIATURE FM TRANSMITTERS! 


BC I del Voice Disguisers! 
Phone 

Catalog $2.00: XANDI ELECTRONICS, 
Box 25647, Tempe, AZ 85285-5647. 


BUGGED? WIRETAPPED? Find out 
fast! Countermeasures equipment catalog 
$1.00. Capri, Box 589S, Bayfield, CO 81122. 


Toxic/Combustible GAS LEAK DE- 
TECTOR for Home, Boat, RV, Complete 
electronic kit. $44.50 CANADIAN +£4.00, 
S/H Money back guarantee. NEODYM. 
4/207-1540 Mariners Walk, Vancouver, B.C., 
Canada V6J4X9 (604) 731-8908. 


iRVEILLANCE. COUNTERSUR- 
vel meg Se EQUIPMENT CATALOG 
$5.00. topping Detection Equip. 
vU PO. Box 1087, Williamsville, 
143 


51,000 CATALOGS listed. Sources For 


Anything! $5.95 Catalogs. Box 92452X, At- 
inter 30314. = 

BUGGED? ? Hi-Tech Electronics! 
Surveillance! Del ing! Protection! Cata- 


log - 1-800-232-8558, 


VCR MAINTENANCE AND REPAIR, 
Complete 12 Piece Kit. Easy to Use. Simple 
Illustrated Instructions. FAST PROFES- 
SIONAL RESULTS. $9.95 PLUS $1.00 
Shipping. SE.C. SUPPLY, PO. Box 1050, 
Waltham, MA 02254-1050. 


AQUARIUM 22 Gallons. Plans $7.95 


Aquacenter, Box 178, Raymond, IL 62560 


SOMEBODY'S GOT YOUR KEY? RE- 
KEY LOCKS YOURSELF. Ordinary fool: 
Manual eee 00. E ee) "E died 

437 


LASERS, = $40.00 write MWK In- 
dustries, 1269 Pomona Rd, Unit 110, Coro- 
na. CA 91720, or call 714-278-0563 


AIR CONDITIONING SERVICE AND 
REPAIR. EASY METHOD. MASTER 
MECHANIC TELLS ALL. FREE DE- 
TAILS. SECRETS, BOX 4410, AR- 
LINGTON, VA. 22204 


ices! Detectors! Kits/Assembled! | 


tem. Inexpensive E eem $10.00. Olympic 
lympic 
Industries, POBox 5357 Beaverton OR. 


PET DOOR INSTALLATION Remov- 
able, no damage. Apartment or Home. 
$5.50. JANCA Tem 124, 7013 Lincolnshire, 
North Hill, TX 76180. 


MAKE YOUR OWN 


shows $i 
prises, POB 6561, Portsmouth, NH 03802. 
RECYCLING REFRIGERANTS possi 
ble using dehumidifier or other sim imple 
Citlustrated), $6.95 P. Dudley, Box 
27406 St. Louis, MO 63141 


SOLAR | heater, simple, effective, 
build for 700. Plans $695. Kuntz, RŽ 
Glenwood, MN 56334. 


S NEON IS HOT $ 


Shop. Where To Buy 
. Earning Limited Only By Your 
Start Your Future Today. CC Or MO 
For $19.95 To: 
SPECTRUM RESEARCH 


65; 
Myrtle Beach, SC 29577 


35 FORMOLAE Revealed! Paint Ré- 
mover to hnics. luce Quality 
Household Products for Pennies. PRETI d 
to T. Larson, 22039 Flanders, Boca Raton, 
FL 33428. 


Pct RAN SEn lans and in- 
ns, Bar $8.95 rack $7.50 + $1.50 
OUR FKK, 5 Bradford Street, Schenectady, 


CUT A/C COSTS, make your air cóndi- 
tioner work better and last longer, Licensed 
Fogineer pide odar to Sli handbook 
plus $150 p&h. Eden Enterprises, 
IE: Bartlett Blvd, Suite 186, Memphis, TN 


PICNIC TABLE PLANS $3.25, Folding 
‘Top Sandbox $2.25, Both $5.00, Easy In In 
structions, DMR Ente , PO. Bo 

SI2PS, Perrysburg, Ohio 


‘SAVE OVER 75% " en] 


LASER PRIN) 


| 


| 


| discovery is a learning-sound catalyst that teaches 
| Eg CE 


DON'T THROW AWAY THAT USED 
COPIER OR PRINTER CARTRIDGE! $ 
Do it yourse REFILL IT [CANON COPIERS 


it’s easy 
tamon tears 


$1804 MONTHLY! Buy/sell cars (sp 
time). Revealing proof! Write: CODEX, 
Oak Drive, Friei ood, TX 77546. 


TAKE PICTURES for profit. Camel 
Ventures, Box 771, Lamara, CO 81052. 


MILLIONAIRE M Expert R 
yeals Money Making Secrets, Free, exit 

hour cassette: Melvyn Powers, No. Holl 
wood, California 91609. 


HYDRAULIC JACK REPAIR MANI 
AL AND CATALOG $10.00. HYD 
LIC PARTS SUPPLY, BOX 415 
BROWNSVILLE, TX 78523-4157. 


$500 WEEKLY mailing ads. Admaile| 
Associates. Box 51063, Durham, NC 2771: 


MECHANICALLY inclined individug 
desiring High Weekly Profits operati 
Small facturing business Without H 
vestment write: Businesses-P, Box 900 
Baldwin N.Y. 11510-9008. 


PIANO TUNING PAYS: Learn with. 
proved home study course, Diploma grante 
American Tuning School, 17050 Telfer D 
Morgan Hill, CA 95037. 

RECONDITION BATTER! 
Earn Hundreds Weekly. Untold Secrel 


Free Information. Battery Outlet, Bd 
3300-S, Hickory, NC 28603. 


$10,000 MONTHLY Taking Phot] 
ape et at Hona! Call recorded messagi 


RECYCLE METALS, NO, NOT BE 
l Fy 


37065-1214. 


$392.00 FROM Square Foot Plywood Hu] 
Demand! Revealing Proof $1.00 (Refundabli 
Woodwins, Bridgewater, Mass 02324-2299. 


PROFITABLE Gold Foil Printer. Persol 


alize business cards, pencils, matches. 
details, Gold, PO. Box 24986 (LLC), Tamp 


BUMPERSTICKER PRINTER. Che: 
simple, portable. Free details, Bumper, PI 
1 (LLC), Tampa, FL 33622 


ADVERTISE ra 21,34 
Publications/Broadcas! Director 
Box 14107DB, Jackson, a 39236, 


FORMICA: Repair Burned and Damag 


Counter WITHOUT — REPLACI 
MENTI ick, easy to $600/day. Chai 
countertop Colors WITHOUT Ri 


op | EMODE] 
ING! Millions of apartments, homes pi 
profits immediately. Introductory packa 
FREE! 206/256-9742. Introductory Vic 
tape $14. RENEW-ALL BOX 9900-SS, Val 
couver, WA 98668. 


PIANO Tuning Academy, 127178 
mainia, Alexander, AR 72002. Profitabl 
Master. Visa. 


ASSEMBLE Products At Home For 
Information Call 800-462-1128 Ext 90PS 


Let THE GOVERNMENT FINANG 
your small business. Grants/loans 
$500,000. Free recorded messagi 
707-448-0270. (JG6) 


$40,000 ON v^ ACRE! New hydroponi! 
- inexpensive, pleasant, practical! Free inf 
mation. Planter’, Box 1214, Franklin, 
37065-1214. 


! MAKE $2,000/week Recycling Pui 
Gold! Free rt! (worth $25) Call anyti 
1(900)246-2323 ($2 min). 


ADVERTISE free in 550 Magazine 
b Directory, Box 11W, Atlanta, 
1 


$600 DAILY FROM OLD SHOES! 
Details: Pinnacle Research, 3104 East C; 
elback, Suite 123-S, Phoenix, AZ 85016. 


MAKE YOUR DREAM COME TRUI 


SMALL CRACKS IN WINDSHIELD 
NOT REPLACING THEM. CALL TOI 

FREE 1 (600) 826-8523 U.S/CANAD 
OR WRITE: GLASS MECHANIX ING 
10170 NW 47 ST., SUNRISE, FL 3335 


BUSINESS OPPORTUNITIES 


$1000's WEEKLY. Free information. 
Stamped envelope: Progress, Box 93248, Los 
Angeles, CA 90093. 


PROFITABLE home businesses. Free dj 
tails. POB 427, Garden City, MO 64747. 


S Sese pie m never been easie 
tamped Envelope: OppLife, Box 99 
Chesterfield MO 65006 


$58,000.00 YEARLY MAKII 
BOOKLETS. 25 - STEP METHOD Sho 
How! Premier, Box 544 Fox Lake, IL 6008: 
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USINESS OPPORTUNITIES (Cont) 


PROFITABLE HOME BUSINESSES. 
ce details. R&S Publishing, P.O. Box 
0388, Dept. B, Houston, Texas 
272-0388. 


IAKE Rubber Stam 


ighly Profitable 
siness. Free Details. Stamper, POB 22809 
JC), Tampa, FL 3362: 

$200 $500 weekly- AT HOME! No gim- 
cks - Details FREE! Homeworkers-S, 
x 636679, Margate, FL 33063. 


RET RICH! Secret law smashes debts— 
ap cash credit! Details FREE Wealth- 
, Box 4036, Pompano, FL 33063. 


FREE SAMPLE! Miracle Polishing Cloth. 
2% profit plan! R&S, 1312-PS Washing- 
1, St. Louis, MO 63103. (314) 241-8464. 


$100'S MADE DAILY! New Details 
ase. Jr. Enterprises, 1395 Ashwood Ct., 
moore, CA 93245. 


PHOENIX has tremendous opportunities 
those desiring financial success! Call 
4) 944-3323. 


MAKE $50,000 a year, order picky 
unted stump grinder. (715) 387-2285. 
x-973, Marshfield, WI 54449. 


TREASURE, Over $100,000,000.!! Exact 
ation known! Large, small investors re- 
ired to finance expedition. Enormous 
turns! Details $5.00 (Redeemable). 
easure-O, 313 Callaghan, Oakville, On- 
io, L6H 5H6, Canada. 


HOME eu Work Available! Guar- 
teed Eas oney! Free Details! 


mework-PS, Box 520, Danville, NH 
SELL PHOTOS Report tells how 
ectory where to sell. Guaranteed. Send 


0.00 to Greg Raburn, 6051 Warner Ave., 
ite 737, Huntington Beach, CA 92647. 


HOMI SUCCESS! Free 
talog Of Opportunities. Swanson-PS7, 10 
ragut, Somerville, MA 02144. 


TIRED OF WORKING FOR OTHERS? 
art your own business. Easy to follow busi- 


$8 rej i. A and S Enterprises Dept. 107, 
x $4869, Pasadena, CA 91109. 
$50,000 in 90 days, For Free info write 


R&J Associates, 42 Bush Street, Kittery, 
nine 03904. 


YOUR OWN BOSS! Earn Unlimited 
rome! Assemble Products At Home: Elec- 
nics, Crafts, Others. No Experience 
eded. Call 1-504-641-7778 Ext. 8327. 
en 24 Hours, Including Sunday. 


ports Free Detai 
blications, Dept. PS7, 4705 Houghton, 
rt Worth, TX 7¢ 7107, 


MAILORDER SECRETS REVEALED! 


W Plan uts thousands in your mailbox 
a Rush for Free Report: Suc- 
p Davis, Brookline, MA 02146. 


sible. De- 


.00 weekly at home 
treet, Miami 


is Free. P&L, 214 NE 98th 
ores, FL 3313 


START your own business. Easy! Profita- 

Little or no capital needed" Free details 

sinees Success +, Box 152H, Greendale, 
531 


CA! 


IN BIGTIME on Recycling! For 10 
re guide to EZ Money send $2 to: SB&S 
c dd P.O. Box 731, Bedford, TX 


ese D A NEW PRODUCT? WITH 

0% PROFIT? Send $2.95 for brochure 

d sample to: Oak Specialties Internation- 
lox 653, Newark, IL 60541. 


START your own business for just pen- 

is Experience unnecessary. Send FREE 

risk examination. JAS Box 2859, Big 
Lake, California 92315 


500 PLUS EACH WEEK WHILE 
ELPING TO CURB DRUGS AMONG 
GH SCHOOL STUDENTS. COM- 
.ETE INFORMATION. SEND SASE 
3: BOX 1539, PONTE VEDRA, FL 
1082. 


IMPORT-EXPORT opportunity, profita- 

> world-wide, mail order business from 

me, without capital. We ship plan for no 

3 CRUCE Experience pud 
rt. Mellinger, Dept. A2699, We 

si ills Californi S196 


EARN $60 HOUR 
Fix VCRs, no previous experience. All you need 
jare small handtools and our trouble shooting 
|gulde. Work at home full time or part time. For 


Information write: 


N.E.C. COMPANY 
P O Box 3043-X = Skokie, IL 60076 


Call: 1-708-674-7888 


NEW! GROW EXPENSIVE PLANTS. 
SELL FOR 2,000% PROFIT. Free infor- 
mation. GROWBIZ, Box 306-S7. Seminary, 
MS39479. 


$5,000MONTM WITH ZERO IN- 
VESTMENT! No products to sell, no over- 
Pict Etabided Eyer- company. $60 
rich! old company. 
billion industry. cli as hour hotline for 
details and start-up package. 1-900- 
741-2211, ext. 956. $235 min. 


HIRE YOURSELF. Write SPANNCO 
P.O. Box 372549, Decatur, GA 30037. 


SPARE Time Fortune in Vinyl Repair. 
Huge demand. Exceptional goal prts Every- 
thing supplied. De Details [P, 2036 Mon- 
trose, Chicago 606; 


T-SHIRT PRINTING MACHINES. We 
manufacture professional single and mi 
color screen printing equipment. Inex; 
sive, Free Brochures. Catco, 12201PS 
35 St., #538, Coral Springs, FL 33065. 


BE your own boss! 1001 fast, easy ways to 
make money! Free! Rush name, address 
Money Making, Dept. PS, Box Z, Studio City, 
CA 91614. 


MAILORDER OPPORTUNITY: Start 
profitable home business without exper- 
lence or capital. Free book. Mail Order 
Associates, Dept. 655, Montvale, NJ 07645. 


A Million Dollar anion Working 
For Others And Get Ahead. 130 Of The Most. 
Popular rts n America. 


Cc. P.O. Box 48101, St. Pierburg, 


PRODUCE NEWSLETTERS For Busi- 
ness and Profit, Book, Samples, $5.35. 
MeVicker, POB 8066, Newport, Beach, C 


SUMMER PROJECTS Proven methods. 
$3.00: AK-RC Mark, Box 94, Ste-Dorothee, 
QC. H7X-2T4 Canada. 


ALUMINUM SCRAP—Recycle Yourself. 
íMAXE UP TO 525.00/POUND! FREE 
Information: Industrial - PS790, Box 127, 


Alexandria ay New York, 13607. 


MAKE, BiG Hony Tara 
LDS AND plate piace 
372000 y yearly! Call TOLL- EE Us 
CANADA: 1-800-321-2597 for valuable 
demonstration video and FREE report. 
Glas-Weld Systems, Box 5755 CX7, 
OR 97708. 


$ OPPORTUNITY $ BUSINESS Des- 
perately needs help mailing information to 
ential customers, “Work At Home" Excel- 
lent Pay! Send S.ASE. Visualizing Con- 
cepts, P.O. Box 7356, Huntington Beach, CA 


GOLD $ GOLD. Spare time fortune 
Where? Send $5.00 to Goldseekers, Box 
1082, Moab, UT 84532. 


1,000.00 TO $10,000.00 A MONTH. 
Workingat home. Send $200 + SASE to: GC 
Enterprises 3003 Quivira Lane, Kansas 
City, KS 66106. 


BECOME A Real Estate Appraiser, Home 
pees Earn Certification. Free Literature. 
800-223-4542 Dept. RH109. 


APPLIANCE REPAIR EASY METH- 
PER YEAR. YOU 


GUARANTEED. FREE DETAILS. AP- 
PLIANCE, BOX 4410, ARLINGTON VA. 
22204. 


FREE "WORK AT HOME DIREC- 
TORY" Veronica’, Box 3638-PS, Midland, 
‘Texas 79702-3638. 


PROVEN Success since 1986! Multilevel 
Information Hotline, Free Recording 
915-366-6951 


sree ere WEEKLY Even When 
leaping Vacs tioning! (818) 594-2211, Ex- 
pm 9007. Anytime. 


ELL MONEY!" Become a Loan 
Broker! Free details, Dept PS 223, Financial 
Planning, 210 5th Avenue, New York, 
10010, (718) 768-6803 Ext. 200 (24 Hrs. 


MAKE $700/WK Li DO WORK- 
ING 2 HRS/WK AT HOME. MONEY 
NEVER STOPS! $2 (refundable), Thomas 
Publishing, POB 49741, ColSprs, CO. 80919. 


BECOME WHEN Step-by- step 
Manual. PROVEN YOU mo 
GUARANTEED! py Details! MA- 
Publishing, 2030 SE 19 ST, Pompano Beach. 
FL 33062. 


MADE $6,800 from one small ad. De- 
tails show how. $2.00, SASE: CNX Publish- 
ing, P.O. Box 30166, Knoxville, TN 38930. 


$15,000 MONTHLY iricome at home! 
Simple! Free details! Macpress, Box 163-S, 
Birdsboro, PA 19508. 


GET PAID for mailing letters! Write: 
PAASE—WH3, 161 Lincolnway, North Au- 
rora, IL 60542. 


READ BOOKS for pay! $100 a title 
Write: PASE—VPS, 161 Lincolnway, North 
Aurora, IL 60542. 


GIANT WHOLESALE CATALOG. 
$4.50 (refundable) J.A. Foster Co., Suite 174, 
P.O. Box 300, Hickory, NC 28603. 


BOOKSMAGAZINES 


CASH FROM GARAGE SALES Book 
for success. $6.95. Dall Publishing, Box 
1123P, Acton, MA 01720. 


MANUSCRIPTS Wanted, all types. Pub- 
lisher with 70-year tradition 
5-9599. 


swn Money on auto n Fully Illus- 

volume shows how! $14.95. 

2 Fulton, pl 408, Hemp- 
stead, NY 11550. 


CLASSICCARS 


Hemmings 
Motor News 


AIVE GUNT rt 1S 


mim 


Disconnects all electrical circuits with 
a simple turn of the knob. Attaches 
to battery in minutes. Heavy duty. 
Suitable for 12 or 24 volt batteries. 
Eliminates battery drain, prevents 
electrical fires, provides emergency 
cut-off. 

Remove knob to stop theft and un- 
authorized operation. 


$12.95 each postpaid 
Add $1 for side post adapter 
BATH! st, 


Box 27-PS, Tyrone, PA 16686 
814-684-2603 


Quantity discounts—12 units or more. 


EDUCATION & INSTRUCTION 


UNIVERSITY DEGREES WITHOUT 
CLASSES. BACHELOR'S, MASTI 


DOCTORATI 
PENSIVE, FAST. FREE 
TION. DR. JOHN BEAR, PO BOX 826- 
PS, BENICIA, CA 94810. 


MIGM SCHOOL at home, 
awarded. Low monthly payments. No 
classes, information free. Phone free 
-800-228-5600, or write: American School, 
D 850 E. 58th St., Chicago, IL 


WORLD WIDE COLLEGE OF AUC- 
TIONEERING, INC. Since 1933. Term 
Soon. Free Catalog COL. Gordon E. Taylor, 
xe Dept. 3 Mason City, IA 50401. 515/ 


HOME Study Course. Locksmithing. How 
to book Catalogs, Tools $2.00 refundable, 
mith, 2470 S. Dairy Ashfor 
A5. oen Texas 71077. 


PARALEGAL GRADED CURRIC! 
LUM. Approved home stu Most afford- 
able and comprehensive. 100 years of ley 

ining. FREE CATALOG 1-800-826-§ 1 
INE SCHOOL OF LAW P.O. Box 

790906 Dept. PS, Dallas, Texas 75379. 
PARAPSYCHOLOQOY Course. Diplom: 


Universal Esoteric (dept. PS), Box 992191, 
FLA 3315: 


FI LEQE TAPE External De- 
pa Business Public Administration LAW 

raduate-Undergraduate CERE Aid. 
(800) 759-0005 LASALLE UNIVERSITY 
Mandeville, LA 70470-4000. 


NEON SECRETS, FREE VIDEO, 
LEARN AT HOME 30 DAYS. COM- 
PLETE BUSINESS PLAN. FREE DE- 
TAILS. NEON, BOX 4410, AR- 
LINGTON, VA. 22204 


BECOME A Paralegal. Home Study. 
Americas Finest Program. Free Catalogue. 
800-223-4542 Dept. . 


INTERVIEWING? Former Executive Re- 
cruiter reveals "Proven Steps to a Successful 
Interview" Make your next interview your 
last. Send $4.95 +.55 P&H to The Marz 
Group 123 Sar Saratoga Road - Suite 313, Glen- 


E 
anne GATE OPENERS . 


HOUR INCOME selling & 
Installing PR PROCON gate openers. (05) 


ELECTRONIC EQUIPMENT 


SURVEILLANCE - Privacy control - De- 
bugging - Protection. (Kits - assembled) 
Large new catalog $5.00 Tri-Tron 2209F 
Lapalco, Harvey LÀ 70058. 


EMPLOYMENT INFORMATION 


MOME assembly. Electronics, Automo- 
tive, crafts, typing, sewing. Apply Now! 
(213) 281-8111. 


asy Work! Excellent Pay! Assemble 
pote At Home. Call 504-641-8003 Ext. 


m Any State, Any Occupation, in- 
cluding Government, State, Public.-Also 
Cruiseships, Ships, Riverboats, Oil- 
rigs. Women-Men. Work month- Home 
month. U.S.A. plus Overseas. Information 
$5.00, Nationwide Employment, B223 Cen- 
tral, Indiana 47110. 


KIC 
port! Emi nt, 
Indianapolis, IN npioym 

MAKE MONEY the easy lete 
Pec borer pier ir ear arin 
FINELINE Publishing, Box 2211, Sone 
usky, OH 44871. 


AL WORK AT HOME OP- 
IES. A list Send $11.95 to: 
Longlsland Homebased Worker Company, 


PO. 158, Copiague, NY 11726. 
ENERGY SAVING. 


"HEAT your home with your water 
er”, Eliminate Electricity. Cut Gas Bill in 
half. Mechanical Drawings. $15.00. Send 
SASE. Energy Saving Systems. Box 16870 
Salt Lake City, UT 84116. 
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ENERGY SAVING (Cont) 


SOLAR, GREENHOUSE, AQUACUL- 
TURE AND ENERGY SAVING CATA- 
Loa! 60 pages. Order from one expert 
source. Featuring Sun-Lite® for do-it- 
queue. builders, designers. Americas 
largest energy saving mail order house 
$1.00 postpaid. Solar Components Corpora- 
tion, D Bept PS PS. 121 Valley St., Manchester, 


FINANCIAL 
DEBTS? BILLS? BAD CREDIT? No 


p: TEAG, Dept. PS. 400 Century 
math #117, Birmingham, Alabama 
35226 or call (205) 979-1400. 


BORROW: $100 - $100,000! Fast! Confi- 
dential. Glendale Associates, P.O. Box 
260279, Plano, TX 75026. 1-800-955-0081. 


INANCIAL FREEDOM! PAY OFF 
YOUR MORTGAGE 10 YEARS EARLY! 
‘Save $50,000 to $100,000 in mortgage inter- 


est nts! For Booklet, send $11.95 to: 
Associates, Dept. A, 3696 Beatty 
Drive, Suite D, Riverside, CA $2506. 


FISHING TACKLE 


y Fishing Lure will amaze 
nsive-affordable-profitable and 
lans, send $5.00 to: Page, P.O. Box 
'N-SHOOT, TX 77303 


FORINVENTORS 


DEAL DIRECT WITH 
REGISTERED PATENT ATTORNEY 


GRADUATE ENGINEER 


31, YEARS OF EXPERIENCE 
& INTERNATIONAL PATENTS 


Patent and develop your idea with the 
experience of an expert. Call or write for free 
confidential advice, information packet and 


you, inex 
effective. 
70601, Cur 


v.s: 


“and research readily avaiable.. 
INTRODUCTION TO INDUSTRY 
Also speci 
copyrights an 
Less than 1 hr from 
US Patent Office 
CALL TOLL FREE 1-800-442-2728 


HAEL I. KROLL 
TERT ATTORNEY 


IM STILLWELL CANE, SYOSSET, NY Iii 


PATENT AND DEVELOP Your Inven- 
tion, Registered Patent Agent and Licensed 
Professional Engineer. Send for FREE PAT- 
ENT INFORMATION Every Inventor 
Should Have, Richard L. Miller, 12 Parkside 
Drive, Suite-N, Dix Hills, NY 11746. (516) 
499-4343. 


INVENTORS! Confused? Need Hel 
o IMPAC for free information package. 
U.S./Canada 1-800-225-5800. 


IVENTORS: Call TLCI for free infor- 
mation 1-800-468-7200 24 hours/day — 
USA/Canada 


RED INT ATTORNEY. 
D.A. Kettlestrings, 414 Hungerford Drive, 
Rockville, Maryland 20850. 1-800- 
7148-6216. 


NEW TOY IDEA? Where Do I Begin? 
With EXCEL DEVELOPMENT— We 
Can Help! 23 YEARS EXPERIENCE In 
International Toy Industry. Call: (612) 
934-1200/(612) 374-3233. 


'REE help for inventors! No charge for 
protection forms and information kit. Affili- 
ated Inventors Foundation. 1-800-525-5885. 


PATENT IT 
details. Licensed since 1958. Rainer Associ- 
ates, 2008 Fondulac, Richmond, VA 23229. 


INVENTORS! Can you patent and profit 
from your idea? Call or write for your 


INVENTORS & ENTREPRENEURS 
EXPO '90 Disneyland Hotel, Anaheim Cal- 
ifornia, Aug 31-Sept 2. National Event. 
818-998-7404. Inventors workshop interna- 
tional. 

INVENTORS: If you have an invention 
for sale or license, write for free booklet 
Sus how we can help you. Kessler 
Sales, Corporation, C-7-FI, Fremont, Ohio 


INVENTORS- New Invention 
Brainstorm - For Free Subscription Call 
1-800-627-0740. 


FOREIGN NEWSPAPERS 


WORLDWIDE ENGLISH NEWSPA- 
PERS/MAGAZINES! SAMPLER: 3/$2.98. 
FREE BROCHURE. Multinewspapers, 
Box DE-37, Dana Point, California 92629. 


FOR THE HOME 


WATER-PROOFING Basement Booklet 
Professsional Ideas Send $5.00. Larry 
Helmes, 8754, Murphy Rd, Lyones, MI 
48851. 


INDUSTRIAL PROBLEM SOLVERS 
FREE CATALOG of industrial Products for 


home applications. Drain and Septic Treat- 
ments, Cleaners, ete. JEM LAWE, 700 
Main, Westbury, NY 11590 


WATER FALLS AND GARDENS. Build 
urself and SAVE. Information $2.00. P.O. 
x 2029 Glen Burnie, MD 21061. 


(CRIME DETERRENT SIX SECURITY 


PRISES, 4108 TREEHILLS PARKWAY, 
STONE MOUNTAIN, GA 30088. 


DESTROY ODORS FOR GOOD! Newly 
developed bio-chemical formulation. Natu- 
ral, safe. Emm Send $9.95/QT + 
$200 S+H t Enterprises, P.O. 
Box 123, Old Bridge, NJ 08857. 


CLEANING CONCENTRATES used us 
professionals for cleaning heavy grease 


ime. One package m wakes FU rine 
or 9) plus $125 5& 
Company, PO Box 
S064, Point Pleasant 


GARDEN SUPPLIES & 
EQUIPMENT 


INCREASE BARDEM NAE PRO- 


Pipe Marketing. 1 
GARDENING - 


GREENHOUSES—Redwood/Fiberglass 
Kits. Hobby/Commercial sizes. FREE Bro- 
chure. IC ARCH GREENHOUSES, 
BOX 1564-PS MOBILE, AL. 36633. (1/800/ 
628-4974) 


COMPOST TUMBLER. Build 17 bushel 
composter at substantial savings over com- 
mercial, models, Make compost in, weeks. 
Detailed plans, $7.00. Planz, Box 1271, Gar- 
ner, NC 27529 


GOODEATING 


50 of GRANMA GEAUTREAUX'S Ca- 
jun and Creole food and drink recipes. Send 
$15 to Granma Geautreaux, PO Box 58536, 
New Orleans, LA 70158-85: 


GOVERNMENT SURPLUS 


MILITARY BASES CLOSING! Buy sur- 

lus personal property. Complete Details, 
ado Surplus BO Box 23405 PO, Tarps 
FL 33623-3403. 


HAIR CARE 


jieces—Free Catal: 
PS, Stratford, 


MEN'S Hai: 


! TLD., 
2415 Main #2 06497. 


HEARING AIDS 


ENJOY HEARING 


All-in-the ear Hearin, 
Nothing over, under or 
the ear. . . no cords, tubes or 


Aid! 
ind 


Order your free ca! 
Rhodes Hearing today! 


or call 24 hrsJ day 


1-800-453-4905 


RHODES HEARING 
Dept. 12G Brookport, IL 62910 


HUGE SAVINGS. Eliminate dealer 
markup. Free anal, Batteries wholesale. 
Terms Arrany ford, IL 
61104. Call 500 83 -1212 Toll Free. 


HELP WANTED 


EARN MONEY Reading books! $30,000/ 
yr income potential. Details. (1) 805- 
687-6000 Ext. Y.-20025. 


HOME CRAFTSMAN 


“GETTING STARTED WITH 
PIPE FURNITURE.” CASUAL, Box 208 ri 
Tewksbury, MA 01876. 


CLOCK movements, components, plans, 
xy, foil and art prints, door harp supplies, 
ker , touch tones, Bible clocks, vid- 

eos, transfer art, stencils—over 1200 items! 
Wholesale catalog $3.00 (credited) Steebar, 
>O. Box 463-S, Andover, NJ 07821-0463. 


T.e. COLLECTABLES 
PRESENTS -BIMDBAUR 


BUILD KITS FROM PRE-CUT WOOD. UP TO SFT 
FOR YARD-SARDEN-DEN-SCHOOL-ANYMMENE | 


BUILD YOUR OWN PICTURE FRAME 
Square. Guaranteed Perfect Frames. Plans 
$3.95. PerfPict-PS 2310 NE 14th St., Far- 
ibault, MN 55021. 


monna. non ils dine. CAN 
BUILD! Enjoy outdoor ily dining. Easy 
plans $8.50. Classic Designs, P.O. Box 3, Mt. 
Aukum, C. 


NEW! BUILD AMAZING LIQUID PIS- 
TON ENGINE from pipe fittings. Easy 
Plans. Free information. ABCO, Box 306-57, 
Seminary, MS 39479. 


HOME HEATING, FUEL SAVERS 


Multi-Fuel Furnace 


Chop Heating - To 


whole house wood heat 


with gas, oil or electric 
FIR 


HOME REPAIRS & REMODELING 


HOME REPAIRS INSIDE-OUTSII 
MONEY SAVING repairs anyone can 
both. $8.00 ECU, P.O. 789, Deer P. 
NY 11729. 


HOBBIES & COLLECTIONS 
MILITARY Medals Catalogue $1.9 
Year! early subscription $800. S. Vernon, B 
‘Wildomar, CA 92395. 
HOVERCRAFT 


HOVERCRAFT Plans, Parts, Catal 
$1.00. Universal Hovercraft, Box 281, Ci 
dova, IL 61242. 


BARTLETT FLYING SAUCER 
ULTRA-LIGHT Hovercraft Featured In D 
Powered 


umentary Film, “Force Beyond” 
Ordinary Lawn Mower Engine. Compl 
nd Revi 


$10. : Hd 
Bartlett, P.O. Box 156-S, Silverdale, 
98383. 


HOVERCRAFT Plans, 3 to 160 Hp. Ir 
mation $5.00 (refundable). Sevtec, 
Monroe, WA 98272 


HYPNOTISM 


Hypnotism. Sleep Learning 
lication. DLP, Box 487, Anaheim, CA : 28 


FREE Hypnotism, Self-Hypnosis, Sld 
Learning Catalog! Drawer , Rui 
NM 88345. 


INVENTIONS WANTED 


WE INVEST in marketable new ideas. 
cost to inventor. Concept Funding (3d 
876-4519. 


HONG KONG factory needs several n 
products for their oversea buyers. Send prd 
uct ideas for Bird evaluation. Can produ 
exclusively. Hongkong Plastic Metal P 
ucts Company, Box 69627, Kwuntor 
Hongkong. 


INVENTORS Your first step is imp 
tant. For free advice, call ADV 
PATENT SERVICE: 
800-458-0352. ` 


Washington, IJ 


INVENTORS. Free information on o 
ing your invention for sale. Kessler Sa 
Corporation, C-7-IW, Fremont Ohio 434: 


JEWELRY 


CLOSEOUT Jewelry. 55¢ dozen (Cata 
.25¢). Roussels, 107-1635 Dow, Arling 
MA 02174-7199. 


ANKA JEWELRY 1990 CATALO 
SEND $9.95 STEELE SERVICES, P. 
BOX 29404, PARMA, OH 44129. 
RETURNS, SUBJECT TO CHANG 
WITHOUT NOTICE. 


E M M 
ive color catalogs package. $5. 
fundable, Over 3000 itema, Turn yd 
$5.00 into $15.00 or more. Write/Call 
Information. 718-5. 

1-0-G Jewelry, P. 
City, NY 11105. 


JOKES & NOVELTIES 


FREE Catalog! Things you never knew 
isted! 1600 Novelties, Jokes, Science, H 


bies, Surprises. Johnson-Smith, F-03, B 
denton, FL 34206-5500. 
LOANS BY MAIL 


BORROW $50,000 "FAST". Any Purpo 
Guaranteed. Capital, Box 561350.7 Ps. 
lotte, NC 28256. 


IMMEDIATE Loans to deserving indi 
uals refused elsewhere. Many plans inch 
us! Associates P3, Box 9008, Bal 
FY 11510-9008. 
quan en s MAIL Get e AO Boa 
ickly. Nearly eve ifies! 
Pros ayglication, MOS tust, Bor 
Bronx, NY 10461-0531. 


win, 


Klo qid packers Over a decade Q HEARING aes pl BORROW any amount! Get Vid 
CORPORATION 82 Broad Street, Dept. PRIC stove. Send for Free Catalog iS eiae NY TITIA OAZIS Sis 
1.800:338.5696. Ia Canada call (413) | M SUPER SAVINGS! Newest Finest, Al || Yukon Energy Corporation, $60,000 "Overnight", Any p 
. I types. 1-4 ee LAESA y Li Don i 378 W. County Rd. D. St. Paul, MN 55112 | pth Keep in indefinitel i Free ils! Weil 
SECRETLY. Make/Perfect Prototypes | Mf TRIAL. FREE Catalog. Write: Name. j aa Saey erg 
gquilyfinexpensively, $10. Lewis, Box 159 | MONEYSAVERS. in l hi Cen 
- — ||) aaa ee, M Zip Phone ( — l| credit Experience! Apply Toll-Frd 
WHY do you hate Edison type Invention ne phone t x 1-800-888-8851, Extension 26. Issuer 
Laboratories? 1-314-485-9990, Evenings. Era Bank, Somerset, NJ. 
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LOANS BY MAIL (Con) 


BORROW $500—$40,000! “On a 
ture”! Any ! 97% Eligible! 
vApplication: National, Box 7627-K, Long 
IBeach, CA 9080! 


game Morc MOL 00100 8 
ture. "Overnight" 98% Eligible! Fast 
Apre (718514 2204). 


GRANTS AVAILABLE from 
foundations Never Repay! 401 sources! 
sapplications instructions — $3. 

h, Box 19107-FF, Washington De 
120086. 


BORROW $500-$200,000 DEA 


INearly ever lifies! Free lication. 
IFSE, Boxi 10921, an, VA 22102. 

CREDIT Repair, untold Secrets, USA Box 
12168-P Van Nuys CA 91404 


BORROW up to $50,000. Fast. Nearl: 
[Everyone ona qual fies. Try us First. Link, P.O. 
ittsburgh, PA 15216 


' $100,000 line credit without investiga- 
ition! Private Swiss bank account! Other fi- 
mancial benefits! Free valuable report! 
TNACC PS.7 Box 5399, Torrance, CA 90503. 


ARAB BUSINESSMEN have money to 
invest, Top finders fees paid. IMEA. 
IPSI. Box 3574. Newport Beach, CA 

. (714) 722-9260. 


BORROW $100-$100,000. quad 
ignature/Secured Immediate! 
TNow! 1-404-879-5514. 


! Apply 


FREE MONEY! $300,000,000 GIVE- 
WAY. Grants. Never repay. Details $1.00. 


tla, Box 3066-PS70, Seminole, FL 34642. 


LOOK Before You Leap! Quick Loans/ 
lit Card Offers EXPLAINED and EX- 
ID. 1-900-988-7444. $9.95/Call. 


CASH 24-48 Hours! Fast Approval! All 
of loans, Car, Home, Business, Holi- 
hit 210 Fifth Ave., Dept. 1102, NY, 


IINERALS & PRECIOUS STONES 


GOLD NUGGET!, Natural, Precious, Al- 
luring in Display Gase, lus “Gold Hunting 
Success Secrets,” $9.95. Nuggets, Box 
7662, Richmond, va adis 


MAILINGLISTS 


NEW DAILY! IMMEDIATE 
MIPMENTI Guaranteed Opportunity 
kers. Adhesive labels. ; 500/811; 
000/818; 2000828. 5,000$59 QUALITY 
STS, Box 1305-CW, | Seaford, NY 11783. 


NEW ACTIVE NAMES! 


Seekers, SEU S081 
l IN Drawer o, 


los 
helley, ID 83274, A iea/MC/Am Ex: 


FIRST ORDER “TRIPLED FREE"! 
pportunity seekers! Computerized, ad- 
esive labels. 200/$5; 500/$9; 1,000/ 
15; 2000/$24; 5000/849; 10.000/892. 


S, Box 750-WK, Wantagh, 
Y117937 a 
356-8664. 


ies MC/COD call 


MISCELLANEOUS 


RACETRACK WINNERS! Collection of 
01 successful handicaj systems. 
oe R. Schneider, Box lontvale, NJ 


PROBLEM! Ouch, 
you can do about 


MOSQUITOES A 


GOPHERS “Moles, Eliminate easily, in- 
nsively. Rush $3.00 + sase. Grover P.O. 
393 Springville, UT 84663. 
LIQUIDATING Bargain! Nationally Ad- 
rtised VOICE CONTROLLED remote 
trol system for lights, appliances. Built- 
speakerphone: and computer interface; 
four voices, 


epe 289 #150, Lubbock, TX 79423. 


rKITES 


LOTTERY! Design Number Combina- 
tions! Calculate nm odds! Booklet $7.11. 
IBM Compatible Disk (Booklet Free) $17.11. 
Millennial Marketing, Box 2123, Lees Sum- 
mit, MO 64063. 


MONEYMAKING OPPORTUNITIES 


TROMCURETICKEN PRINTER. Cheaj ap 
simple, portable. Free details. Cor sd 
serait Tampa, FL 33622 

IAKE Rubber Stamps. Highly Profita- 
be! Free details. ST/ IR, P.O. Box 22809 


(LD) Tampa, FL 33622 7 


EXCELLENT Extra Income! Easy Home 
Assembly Work. 24 Hour Recording. (619) 
966-6083 Dept. 105 


MAKE THOUSANDS! BOATS FOR 
ue on 


FANTASTIC Profi 
$9.95 Money Back Guarantee. WHITING 
MARINE, Box 58724, World Trade Center, 
Dallas, TX 75258. 


MAKE UP TO $1000 Next Weekend 
Send $5.00 For Published Guide To: Unlim- 
ited Potential, P.O. Box 511, Sheboygan, WI 
53082-0511. 


70 MONEY Making Reports, Plus 15 Bo- 
nus, Reprint Ri hts, $6. 00, Berringer 211 S. 
[A llege, Suite 169D, Anaheim, CA 


ILLUSTRATED Instructions for 50 Fun, 
Useful, Sellable Projects incorporating Plas- 
tic Soda Bottles. Send $5.00 to Pop-Jects, 
P.O. Box 6349, Texarkana, TX 75505. 


NO-NONSENSE way to $500 a day! or 
“HOT-LINE” Logros seekers! None 
better at any price! $1 sase Robert Flisch, 

Pete, FL 


PS7, P.O. Box 20233, St 
33742-0233. 


BUNTING & FISHING INFO 
WOT RTE =n Sa 


uos hring Beaches 1 
Tay Sata GG NO COD ORDER NOW! WE LL SHIP TODAY! 
BLACKHAWK Cli 800-228-2923 or 801-975-0222 


BD TRAIL KARTS AND SLEDS 
IE FLYER: 1-800-832-2376. UNI- 
[iom 8025 SW 185th, ALOHA, OREGON 


“WOODIE BASS'STICKS"- Unique 
ooden, bass lure, "Many Master Angler 
Awards’ 41000. Wolverine Tackle P 

567, Keego Harbor, MI 48320. 


KITES 


FREE COLOR CATALOG A 
Choose from over 100 kites. 
Many unusual & innovative designs. 
[| Call or write for your catalog today! [] 
I Into The Wind « (303) 449-5356 [| 
LIA ^ Pear St. Boulder, CO 80302 
(a a a a e os — os 


MUSICAL INSTRUMENTS 


Hes, strings, cases, instrumen 
lin, guitar kits. Catalog $1.00. Dept. PS, 
4026 W. Belvedere Ave., Baltimore, MD 


GOLD CARD 1-800-888-7774. 
Su PROSPEROUS AND SERENE. 
Study che religion ofthe mother. Box 1802 
rn, NC 28560. 
FREE Film 200 Rolls. For Information 
Send $1.00 To: Severo Contreras, 301 S. 
Butrick, Waukegan, IL 60085. 


DRINEABLE WATER FROM THE AIR 
FOR LESS THAN $7.00! 


Proven! Easy to build - takes only 10 minutes. 
Works anywhere - Desert or Sea. Even pulls 
drinkable water from mud and plants. 


Moneyback guarantee! What if your water runs 
‘out? For illustrated plans & other Life-Saving 
information send $7.00 to: 
BRUCE SHERWOOD 
PO Box 7495 
‘Tampa, FL 33673-1495 


IORYTHMS. 12 month printout. Send 
$10.00, birthdate to CB Enterprises, POB 
6561, Portsmouth, NH 03802. 


BERLIN WALL In Pieces! Hold Democra- 
cy Today. $3 Per oz W/3 oz Minimum, + 
putem. Dealer Information $20.00. Marcus 

'hwartze, Wiesbachster #1, 8202 Bad 
Aibling, GERMANY. 


‘SATELLITE TELEVISION D 
SCRAMBLERS Complete Detailed Pla 
For Home Construction By Anyone, 85. 
Jansen Electronics, P.O. Box 25161, Seatt 
WA 98125 


VIDEOCIPHER Technical Manuals | 
cluding Software. Catalog - $3.00 TEL 
CODE P.O. Box 6426-PS, Yuma / 
85366-64: 


TELLITE Monthly Audio Code 
1(900)HOT-SHOT. Intended for Testi 
Only. $3.50 Per Call. 


K.U. Band Satellite System. Perfect F 
R.V. Or Patio Use. For Information C: 
(317) 742-6346 Or Write To New Horiz 
Electronics, 345 Burnett Rd., West Lafi 
ette, Indiana 47906. 


TELEPHONES & ACCESSORIES 


NEVER be broke genuine one dollar coin 
key ring. $5.95 + $1.00 P&H check or MO 
to Things "N Key Rings, Box 614, Chardon, 
OH 4402: 

IGE DEGREES, Hi 


COLLE! ligh School Di- 
poe ‘Authentic looking. Free Catalo log. 
pt. PS-147, National Certificate, 210 51 
Avenue, New York, 10010 (718) 768-6803 - 

(24 HOURS). 


BUTANE Candles - No wax to drip. Avail- 
able in 12" and 15” in 18 colors. Gift Boxed. 
Free Catalog. PO Box 102, Duarte, CA 
91009. 


SODA SYSTEMS custom designed for 
homes, boats, cabanas. 8 flavors - Conve- 
nient - Economical. Illustrated Brochure 
$5.00. Bruce & Son Refrigeration, 77 
Springdale Road, Wethersfield, CT 06109. 


ATTEND SCIENCE TRADE SHOWS 
Contacts Dates Locations $9.95 To: A.S.T.S., 
P.O. Box 87, Downey, CA 90241-0087. 


OLD GOLD, JEWELRY WANTED 


TAKE NO CHANCES, Deal with oldest, 
most reliable firm in old gold business. Es- 
tablished 1934. We buy Gold, Silver, Plat- 
inum. Diamonds. Highest Cash. Free infor- 
mation. Rose Industries, 29-Y East Madison, 
Chicago 60602. 


HIGHEST CASH for Gold, Jewelry, Gold 
Teeth, Rings, *Diamonds, Watches, Silver, 
Platinum. Mail Articles cles Today ed Free A 

with Information. Chic us 
Metals, 10 S. Wabash, "Dept. 1057, sen 
60603. 


PATCHES, DECALS, BADGES 


PERSONALIZED BUMPERSTICK- 
ERS any message you want. $4.00. Free- 
man, Box 1395, Crossett, AR 71635. 


PLANS, BLUEPRINTS 


FLAT WALL MOUNT AQUARIUM, 
Plans $3.00. D. Brown, P.O. Box 863, Wester- 
ville, Ohio 43081. 


PLASTICS 


CASTOLITE Liquid Plastics, Crystal 
clear, colors. For casting, embedding, coat 
ing, fiberglassi airing and re 
ing with our Mol "Mal ing Supplies. Catalog 
$2.00. CASTOLITE, Dept. 90H/PS, Box 
391, Woodstock, IL 60098. 


SATELLITE TV 


FREE Catalog 36 Pages. Major Brands. No- 
body undersells WEST-Since 1977. (800) 
222-9064. 


Satellite-TV ones l 
Save 30%-60% BML 
Systems, upgrades, 
IRDs, movers, Feeds, L! 
3' to 24' dishes and mor 
Names Like - 
Monterey, Uniden, Drake 
HTS, Orbitron, etc. 
i» 800-334-6455 
/ 218-739-5231 MN & INT. 
f SKYVISION INC® 
COLLEGE wi 


2026 COLLEGE WAY 
SS FERGUS FALLS, MN 56537 


INSTALL OR UPDATE YOURSELF! 


CORDLESS PHONES SOUND TERRIBLE 

Don Get Mad, Get the - TEL-X-TENDEF 
Turns your house into a 

GIANT PHONE ANTENNA! 


‘Send $15.00 for product, or $5.00 for plans. Mail tc 
‘STELLAR ENTERPRISES, INC , Depk A, 
P O. Box B0894, Lansing, Mi 48908-0604 


TOBACCO, PIPES, CIGARS 
TOBACCO! Chasing Smoking Sa 


pler. Write, Fred Stoker 
nessee 38225. 


SUNLITER^ Solar Cigarette Light 
Windproof Waterproof, Lifetime Guarant 
$5.00. SPT, 15490 S.W. 82 Ln #112, Mian 
FL. 33193. 


Inc., Dresden, Te 


TOOLS & MACHINERY 


BOLTS, SCREWS, TOOLS, WHOL 
SALE, DIRECT. Guaranteed. Catal 
T 00 (refundable). Camelot, Dept. 33, B 
Bristol, Wisconsin 53104 


TAL Cutting Lathe $114. 
15048 Proctor, Industry, CA 917: 


SMALL FOUNDRY Furnace Suppli 
Free Literature. Pyramid Products, Dept. | 
3736 South 7th Avenue, Phoenix, AZ dq 


F4 LATHES . 
"STARTING AT $320 
m " Mills + Metals -Books 
es: 

cow 


CAMPBELL TOOLS COMPANY 
2100P Seima Road, Springtield, Ohio 45508 


LATHES — MILLING MACHINES ~ 
MACHINE SHOP SUPPLIES — TOOLS 


jog $1.00 — 
P.O. BOX 536-PS, HURRICANE, WV 25526 © (304) 562-153 
[Unimat * Compact * Maximat € Mylord © Sherline * Atlas è J 


1D. ‘ons 
2804 MOUNTAIN RD. | 

GLEN ALLEN VA 23060 
Full size patterns 2550 save $8° BOTH for 30% 


“SHARPENERS REPORT” Month 
Newsletter. Tips—Sourges—Used Equi 
ment. FREE Brochure. SKOG Compar 
Dept. PS7, PO 22559, Minneapolis, M 
55422. 


SCIENCE & CHEMISTRY 


225 PAGES! 1988 Glassware, chemica 
equipment, books, experiments, DIN 
SAURS and charts! Most comprehensive c 
alog offered by anyone in this column. E 
tablished 1970. $3.00(US) REFUNDABI 
Analytical Scientific, 11049 Bandera S 
Antonio, TX 78250. (512) 684-7373 VISA 
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SCIENCE & CHEMISTRY (coo 


CHEMICALS AND LAB EQUIPMENT. 
Chemicals, small or large quantities, for 
Hopes pale, Send $60) ir etae 

available, for 
nme Mi (060-C Ortega Way Placentia, 


Mope 
HEMICALS - GLASSWARE. Catalogue 
2 50, established 1953. Hagenow Laborato- 
ries. 1302 Washington, Manitowoc, Wiscon- 
sin 54220, 


MANY free scientific and engineering 
!! Get on mail list! Only $2. Box 353, 
Lincoln Park, MI 48146 


A new cosmol: E new science, "The 
00, Theori; 


Lighton mr rizes about a 
medium. expanding un 
mey Doyles Press, PO Box 431, 


ity ete t Ba 
Dept. PS, Caldwell, NJ 07006. 


HYDROGEN Balloons made easily with 
home supplies $3.00. Jacobson Associates, 
[on B ley "Dave, North Branford, CT 


LABORATORY 


TRANSFER old home movies to VHS 


4c ! Free Send SASE. 
V PO Box 617, Middletown, Ohio 
SONG WRITERS 
POEMS—SONGS WANTED. Free 
Publishing Promotions, Broadway Music, 
Box 7438-PS, Sarasota, FL 33578. 
STAMP COLLECTING 


FREE U.S. Mint Set. A queue 
Hemd, Box 4867, Santa 


Guniai parele starting at 512900. Call 
mountain ing at $12,900. 
NOW for FREE information. 4-800-252- 
LAND. Yellowstone Basin Properties. 
REPOSSESSED Homes Nationwide! 


Anaging 12 Page Report $4.00. Garylin Co., 
306 Xenia Avem OH 45410. 


a 


REPOSSESSED homes from Gov’ 
$1100 plus repairutaxce. Nationwide! Al 
tax properties. 216-453-3000, Ext. H8234. 


CALIFORNIA. A: 


HAWAIIAN PINEAPPLE WINE - Ligh! 
ing. Easy to make $2.00 SASI 


PO. Box 62210, Ho: 
olulu, Hawaii 96839. 


FREE CATALOG! GREAT PRICE: 
FAST SERVICES! — SEBASTIAI 
BREWERS, 1762-5 SUNRISE LANI 


SEBASTIAN, FL 32958, (40 
569-6563. 
WATER PURIFICATION 


DRINK PUREST WATER! Home Di 
tributors, Discount Prices! 500-874-904 
WATERWISE, Box 45981, Center Hi! 
33514-0459. 


juest Countries, 


DISCOUNT S! 
Fise Lit: IVA, "Box 97.  Hanford, CA 


50 DIFFERENT Old U.S. Between 1861 
and 1939. $1.00. Rousch, Box 3734, Mans- 
field, OH 44907. 


UNITED NATIONS 3 Mint Sets, 25¢. 
Dt, POB 1509-P, Lake Placid, Florida 


ing known, so 
Box 657, Rich- 


COLD FUSION: Ever 
faz Send only $8.85, DOB 
mond, VA 23205. 


“SPACE JUNK" METEORITE! NOW 
ONLY $6.00) A. LOPOMO, BOX 


#110103, NUTLEY, NEW JERSEY 
or 


SPE 
INFORMATION On 
Research Specialists. 60-1) 
nue, Woodside, NY 11377. 


SERVICES 


ing. Ferguson 
Woodside Ave- 


BuPlanBuller™ Intuitive & logical business & 
1 li 


lines, writen texts & ideas formatted 
fno 13 et files. Linked financials in Lone or Pace 
Proven: 13,000+ sold! For PCs or Macintosh. $99.00 
JIAN™ 800/ 442-7373 visa-MC-Amex 


Ask for free catalog of other Business Power Tools 


WORDS TO REMEMBER TE! 
PHONE NUMBERS. $2.50 for list of al 
possible 7 digit numbers. K&K Enterprises, 
Route 2, Box 77 Balsam Lake, Wisconsin 


Classified 
Advertising 


PENNY Stamp p Approvals, rdless 
Catalog. C. Kloster, 4164 52nd St. Di- 
ego, CÀ 92105. 


WORLDWIDE Mixture. 205 Stamps 25¢. 
White, Box 999-ED, Dunedin, 


talog—New edition listing 
ns on Worldwide stamps, 


RADIO, TELEVISION 


SECRET Scanner Frequencies: Federal, 
Police, etc. Free Catalog! CRB, Box 56PS; 
Commack, NY 11725. 


REAL ESTATE 


ILD YOUR DREAM IN COLORA- 
DO* Build your cabin from your own trees. 
Create a pond from Crystal Clear Water. 
Harness Solar ird from over 300. 
unclouded es ay 96 ‘Acres from $19,900. 


Lr SINGLE, MULTI, CONDO'S, 
LAND. Information $5.00. MMC-1, Box 345, 
Ledgewood, N.J. 07852-0345. 


RUBBER STAMPS 
JAKE Rubber Stamps. o en 


TOYS & GAMES 

ENT GAMES" 25c. Nintendo, Sega, 
Aun, IBM-PC, 2500 Titles! 78 Page C; 
b $3.00 juest, 231 Palisade pen 
Cliffside Park, 


(J. 07010. 
TREASURE FINDERS, 
METAL DETECTORS 


FIND Old Coins, Jewelry, Gold Ni 
New Priania Revolutionary Device. 
Gardiner Electronics, 3131L N 
35th Ave., Suite K, Phoenix, AZ 85017. 


WINEMAKING 


3 


KRAUS, B Box 7850-N, Independence, Mis- 


BUILD your own portable still. Sase 
$2.00. ly, 1213 Bicknell Ave., Louisville, 
KY 40215. 


VACATION HOME 


BUILD THE ULTIMATE COTTAGE. 
BEDROOMS, GLASS DINING EXT! 


SION, DECK. INEXPENSIVE, EASY 
BUILD. $10 PLANS R.R. #1, BOX 797 KT 
03904. 
STEEL BUILDINGS 
FACTORY CLEARANCE UP TO 404 


INGS, 25 x 30, 30 x 40, 40 x 60, others. F» 
tory Direct 1-800-548-6871. 


PLANS & KITS 


JES by Natural Simply tl 
Call E 800-7 Tar 


VIDEO EQUIPMENT 
RENTAL MOVIE 


VISAI JNTITY DISCOUNTS LE 
MEMBER OF THE BETTER BUSINESS BURA 


Craftique, Box 506 Bro 


POPULAR SCIENCE CLASSIFIED OPPORTUNITY MART 


WORD COUNT: Each word or initial in name and address must be counted as a word: John E. Jones, 345 East Main 


$10.50 PER WORD 
10 word minimum 


BOLD FACE CAPS 
add $1.00 a word 


St., counts as SEVEN words. P.O. Box 3 counts as THREE words. City, standard 2-letter state abbreviation and zip 
code together count as TWO words. 


DEADLINE FOR ADS: See head of classified section. 
TERMS: Payment with order or charge your VISA, MasterCard, American Express or Diners Club account. 


TO: Classified Advertising Dept. POPULAR SCIENCE, 2 Park Ave., New York, NY 10016. 
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| O Remittance of $_________is enclosed to cover insertion(s) in the issue(s). 
| O CHARGE to: Exp. Date 

| Heading my ad should be under: 
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| YOUR NAME I PHONE 

| FIRM 

| ADDRESS 

i CITY STATE ZIP 

| DATE: YOUR SIGNATURE 

L (PLEASE PRINT OR TYPE COPY e FOR ADDITIONAL WORDS ATTACH SEPARATE SHEET) PS 7/90) 
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Product Information 


ADVERTISEMENT MENEE 


Booklets, catalogs, and folders listed below provide reliable informa- 


tion, illustrations, and specifications to help you 


chase of a variety of products or services offered by these dependable 


701 Finishing Wood A booklet from 3M 
entitled “Guide to Expert Wood Refinishing” 
provides step-by-step instructions on wood re- 
finishing. It includes a section about finish- 
ing, explaining how to apply Scotchguard Wipe 
On Poly Finish, a clear polyurethane. Free 


702 Radar Detection A Bel-Tronics bro- 
chure explains Ka Band photo radar equip- 
ment. Some of the questions addressed: Is 
photo radar legal? Is photo radar the only type 
of equipment that can be used.at Ka Band? 
Free 


703 Wallpaper Stripping A detailed guide 
from Black & Decker offers step-by-step in- 
Structions on how to use its Steamworks Wall- 
paper Stripper. Steamworks ís also useful in 
performing light household chores. Free 


704 On-line Computer Communications 
CompuServe's informative brochure shows you 
how everyday people use and communicate 
through the world’s largest and most com- 
prehensive computer information service: 
hardware and software support, electronic 
mail, and more. Free 


705 Water Treatment “The Water In Your 
Life" is an eight-page booklet about home 
water problems, how they occur, and how they « 
can be corrected to provide a higher quality 
of life. It's from EcoWater, the largest maker 
of home water treatment systems. Free 


706 Rocks Around the Clock A brochure 
from the Edison Electric Institute details heat- 
ing technology called electrical thermal stor- 
age. It describes the technology, how it heats 
a house, and how the homeowner benefits 
with lower electricity rates. Free 


707 HobbyistCatalog Edmund Scientific’s 
80-page catalog contains over.1,200 prod- 
ucts, including telescopes, magnets, weather 
instruments, high-tech toys, fiber optics, and 
ideas for science-fair projects. Free 


in planning the pur- 


708 Oil Additive A brochure from Fluor- 
amics describes Tufoil, a spectacular low- 
friction and low-wear oil additive. Tufoil makes 
changing your oil a patented engine treatment. 
Enjoy fast starts and better acceleration. Free 


709 Solariums A literature package from 
Four Seasons Solar Products includes: Series 
200 and 300 Patio Room Brochures, Mod- 
U-Glaze Brochure, Four Seasons Quiet Aire 
Roof Ventilation System Brochure, Window 
and Patio Door Catalog, and Steel and Royal 
Classic Catalogs. $10 


710 New Designs The Design Portfolio 
from Home Planners contains the latest group 
of newly created house plans. Among the 75 
are richly detailed Victorian and Tudor styles, 
as well as Heritage houses and farmhouses. 
$4.95 


711 Paint and Varnish Removal Klean 
Strip's two free booklets, ‘Protect Your Home 
Like A Pro" and “Guide To Paint and Varnish 
Removal" offer important information for 
homeowners, do-it-yourselfers, and weekend 
handymen. Free 


712 Clean and Protect The “Touch of 
Glass" brochure from Liquid Glass Enterprises 
shows the various uses for its products on 
cars, boats, and airplanes and contains ex- 
amples of why it is a "total appearance" sys- 
tem for your prized possessions. $1 


713 CarCare A32-page guide form Malm 
Chemical Corp. entitled “Car Detailer's Se- 
crets" reveals little-known facts about car care, 
such as washing, polishing, waxing, and how 
to select the best products for the shine that's 
better than new. $1.50 


714 Wood Finishing This edition of Min- 
wax's 30-page finishing guide contains time- 
saving tips and how-to instructions. Learn how 
to beautify and protect new wood and restore 
old wood to its original beauty. Free 


= FILL IN COUPON AND MAIL TODAY = 


POPULAR SCIENCE P.O. Box 1695, Riverton, N.J. 08077-7295 


Note: POPULAR SCIENCE New Jersey address is for Product information only. 


companies. The convenient order form will save you time and post- 
age. Orders will not be processed unless accompanied by the $1 
handling fee. For your safety, please do not send cash. 


715 North Carolina Vacation The state of 
North Carolina offers a travel package con- 
taining facts for planning where to go, where 
to stay, and what to do on a North Carolina 
vacation. Free 


716 Septic System Help Unfortunately, 
your septic system can back up. But Rid-X 
helps you avoid septic system failure. The’ 
company's free booklet tells how your septic 
system works and how you can help it to keep 
working. Free 


717 Metal Protection The eight-page 
Homeowners Guide from Rust-Oleum de- 
scribes how its Wood Saver Paint protects your 
home from costly damage caused by mois- 
ture and harsh sunlight. RustSaver protects 
wood trim, doors, fences, railings, and out- 
door furniture. $1 


718 Wood Refinishing The color guide 
from United Gilsonite Labs offers tips on wood 
finishing, refinishing, and stain effects. In ad- 
dition, this guide provides how-to information 
for all phases of the wood-refinishing process 
—from removing old paint to choosing and 
applying new stains and finishes. Free 


719 Car Care U.S. Auto-Tech's new full- 
color car-care catalog describes its line of 
unique engine and gas-saving products. Also 
featured is the KolorKey carnauba car wax that 
is safe on all types of car finishes, doesn't 
leave swirl marks, and comes in 10 colors, 
including burgundy, silver, and black. $1 


720 Deck-Care Products Two brochures are 
available form Wolman: “Treat Your Deck to 
a Longer Life" shows how Wolman Deck 
Brightener, RainCoat Water Repellent, Deck 
Stains, and Clear Wood Preservative help re- 
Store and protect pressure-treated wood decks. 
against the harmful effect of water. "Treat Your 
Deck to the Rich Warmth of Natural Wood” 
shows how Wolman RainCoat Water Repellent 
gives you immediate water repellency. Free 


POPULAR SCIENCE JULY 1990 


Please send the items checked below. | am enclosing $1 handling charge (any 

number of items per coupon) plus amount required for paced items. Orders will not 1 AM ENCLOSING 

be unless accompanied by the $1 handling fee. Do not send cash. . 
$—_________for priced items 


D 701 o 705 o 709 $10 o 713 $1.50  0U717$1 
o 702 o 706 o 710 $4.95 0714 o 718 $. 1.00 for handling 
o 703 o 707 D711 D 715 D 719 $1 


o 704 o 708 n 712 $1 o 716 n 720 $. TOTAL REMITTANCE 


Name (please print) 


Address City & State. 


Please send check or money order made out to POPULAR SCIENCE. 
No stamps or foreign curret Allow approximately six weeks delivery. 


Zip 


THIS COUPON EXPIRES SEPTEMBER 30, 1990 
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Sampling a century 


Back... 


JULY 1965 
“Will our Mars-bound 
< Mariner IV spacecraft tri- 
YEARS AGO umphantly bring us the 
world’s first close-up photos of the mys- 
terious Red Planet? Or will it fall prey 
to a heartbreaking mishap, like the 
radio failure that’s put its Soviet ri- 
val, Zond 2, out of the running? 
“We'll soon know. On July 14, wind- 
mill-shaped Mariner will reach Mars’s 
orbit just as the planet speeds by. A 
telescopic TV camera aboard Mariner 
is due to shoot 18 photos of the sunlit 
martian surface at a range of only 
7,370 to 9,570 miles—compared with 


My JULY 1940 . 
DUE “Johnnie Wagner sucked at 
b= ‘2p His oxygen tube and began 
YEARS AGO talking into the mouth- 
piece of a recording device. ‘Altitude 
15,000. Stabilizing at full throttle for 
speed run..." 

“Less than five minutes before, 
Johnnie had lifted the new Vultee 
Vanguard from the narrow runway be- 
low, climbing some 4,000 feet a min- 
ute. Now he was streaking like a 
scared rabbit across the sky, hitting 
close to 400 mph. 

“Johnnie that day was testing the 
newest warplane. She was not a souped- 
up racer intended to compete for speed 
laurels, but a production model, which 
in coming weeks may be spitting lead 


JULY 1890 
“A vast field of applica- 
tion, which electricity is 

YEARS AGO only just entering upon, 
is the transportation of freight and 
passengers. The use of electric motors 
for propelling passenger cars on street 
railways may be said to have passed 
through the experimental stage into 
the domain of commerce. 

“The system, called Telpherage, may 
be regarded as a development of what 
is called in England the ‘wire-rope 
haulage’ system, by which freight is 
conveyed in buckets suspended by a 
grip from an elevated wire cable. 

“In regard to possible applications 
of telpherage, Professor Perry, one of 


Mars's minimum distance from Earth 
of 35,000,000 miles. From Mariner, 
Mars would look as big to the naked 
eye as a 12-inch globe at arm's length. 
If Mariner gets its photos, the best 
one will show martian features as 
small as two miles across." 

On Nov. 28, 1964, Mariner was suc- 
cessfully launched from Cape Kennedy 
and passed Mars on July 14, 1965. 
NASA's Jet Propulsion Laboratory re- 
ceived 21 TV pictures during the fol- 
lowing 10 days. These were the first 
close-range pictures of another planet 
(see "Becoming Martians," June). 


E 


from four machine guns across the 
Western Front. Upon her ability to rise 
nearly eight miles, and to roll, loop, 
Stall, and recover for chases through 


the co-inventors, has 
said: ‘Tt will not only 
be very useful in 
bringing ore from 
mines, but it is easy 
to arrange for a line, 
which will load or 
unload a vessel that 
can't come into shal- 
low water...tel- 
pherage will be a 
general system of 
distribution of goods 
in the future. This 
is a fact that is 
fixed in my mind 
quite securely. " 


Mariner IV 
views Mars 


the sky faster than other warplanes 
in her class, Vanguard may.have fight- 
ing pilots shortly depending for their 
lives in grim but thrilling combats." 
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XP TOYOTA TRUCKS - 


“It doesn't take a 
Mountain of money to 


get tobe king of the hill” 


Owners are fast discovering that the new 1990 


Toyota 4x4 Deluxe V6 is at the pinnacle of afford- ‘ 
able performance. With the same advanced 30- 
liter powerplant found in more expensive Toyota a 


models, the Deluxe V6 puts 150 horses and 180 ft.- 

Ibs. of torque at your command. Its lofty ground 

Clearance and optional 31x105R15 tires will move 

you confidently over rough, rocky terrain. But best 

of allis its heritage of Toyota dependability. So it 

doesn't just start out affordable, it stays that way. 

Call 1-800-GO-TOYOTA if you'd like a truck + 
brochure or the location of yournearest dealer. 


Slbota Love what pou do for me? um. 


TOYOTA SUPPORTS THE U.S. FOREST SERVICE'S “TREAD LIGHTLY” PROGRAM AND REMINDS YOU... 
WHEN YOU GO OFF-ROAD, GO EASY ON THE ENVIRONMENT. 


NEW WIZARD 
SOFTWARE 
LETS YOU DO MORE 
THAN IS 
HUMANLY POSSIBLE. 


Like your PC, The Wizard electronic organizer 
from Sharp never forgets a name. Never misses a date. 
And makes short work of jobs that it’s only human to 
postpone. But unlike your PC, The Wizard slips into your 
coat pocket. So it goes places most PCs can’t. 

But with an optional PC Link, your IBM* PC-compatible 
or Macintosh" personal computer will never be out of reach. | 

And with a growing library of optional software cards, 
The Wizard can up- and download numbers into Lotus 1-2-3* 
from its own 3-D Spreadsheet. Store up to 64K of data on a 
single card. Track your expenses. Tackle scientific equations. 
Translate eight languages. Even play games. Yet 
despite all this power, it’s humanly possible to 
master Wizard software quickly. Because these ^ 
new programs are as easy to use as The Wizard 
itself. To find out where to see Wizard software 
in action, call 1-800-321-8877. 


SHARP EXPANDS THE POWER OF THE WIZARD. 
SHARP. 


FROM SHARP MINDS 
© 1990 Sharp Electronics Corporation COME SHARP PRODUCTS * 


